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In the 
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He foun 


ocVvTes on pneumococeL In the 


Denys and Leeclet or streptococci. 


emploved by 


that, as in the animal body, virulent pneumocoecl were not 
phagoevted at all in normal serum, but wgre rapidly ingest 
ind destroved in immune serum. Ie found that the leu 
evtes of the Immune anima washed free from the serun 
were no more active than those of a normal animal. He d 
not find any direct bactericidal or antitoxie action on 
part of the serum, and hence attributed the immunity to t 


iwquired power of the serum to cause phagocytosis of virule 
organisms 

Ul Ss con IsSlONS ha ( been n mea ) i iber” and 
he extensive researches of Neu and his co-wor 
Veu ther showed that e serum acts, not by stim 
latin e jeucoeytes, but by altering microorganisms 
as to make them susceptible to phagoeytosis by normal leu 
eytes. ITfenece he gave to these ant s the name bacte 
otropines. They differ from the opsonines of normal serum 
n being thermostabile (60° C.) Since the bacteriotropin 
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to these substances. There can be little doubt that the 

( wing role in the Immun the horse and rabbi 
to tl neumococeus, but conclusions based on the proper 
ties of the serum of immune animals cannot be applied with 

l irthner stu tO man. 

The merous early elTorts to monstrate specific bacteri 

il substances significant quantities in human serum were 
unsuccessful, More recen Vu and Dold * have shown 
that norma man serum, and, to a mueh greater degree, 
citrate asma (free from leucoeytes), have a definite inhibi 
tory action, and often a slight bactericidal action on virulen 
meumococe!, This activity is not present in the plasma 
susceptible animals like the mouse, the rabbit, and the horse. 
To this Neufeld and Dold asertbe that degree of natural: im 
munit Which Is possessed by man to ruient pneumococcl, 
and they attribute to it the slight protective power for mi 


normal human serum. 


ated Dold’s experiments with several specimens 
human and rabbit serum and plasma, and with the 
plasma of four patients convalescent 
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n accord with t] 


serum and from pneu 


The results were 


quite ose of Dold. A reduction in the num- 


ber of colonies in human plasma could demon- 


usually be 


strated, but this activity was not perceptibly increased in 


pneumonic plasma; nor was it more marked for the homol- 


ogous strain of pneumococcus than for an heterologous strain. 


This direct bactericidal activity of the serum can certainly be 


] 


a factor of only secondary importance in the immunity devel- 


oped at the crisis, 
Most writers have attributed the immunity developing in 


man to increased phagocytic activity. Attempts to demon- 


strate such activity have been limited largely to determina- 
tions of the opsonic index by the Wright method (e. g., Rose- 


Wolfe,” 


ry 


now.” Boni.” Punnicliff,.* etc. ). These observers 
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or the most part in finding a low opsonic index early in 
sease, with a slight rise at the crisis; whereas, in unfavol 
ses, there is a fall in the opsonic index before death. 
we admit that the method is accurate enough to vield 

ile results, the significance of such a rise in index is ques- 
ile. In such index determinations one must use a non- 
ent or feebly virulent strain which is phagocytable in nor 
iman serum. The organisms isolated from patients with 
nonia are almost invariably virulent and resistant to 
vtosis. This is true of strains cultivated from the sputum 
her’). as well as from the blood (Rosenow,” ete.). \ 
ncrease in the power of phagocyting avirulent organisms 
heretore, be OL no evident benefit to the patient, un- 
th this, there appeared the power of phagocyting viru- 
trains, such as that with which the patient is infected. 
rted by the majority of observers, the serum of patients 
risis is no more active than is normal serum in caus- 
socytosis of such virulent strains (Rosenow,” Strouse, 


ise of the similarity in the action of human postcritical 

ind immune animal serum in protecting mice, Neu- 

inks that the same antibodies are active in each. The 
nan he explains as due to the appearance of ant 


iiefly tropines) in the blood, Th tobrupthess ol} th 
attributes to the fact that tropines are entirely 1n- 


intil they reach a certain concentration in the serum. 


n suddenly become active, causing rapid ingestion 
struction of all the hitherto non-phagocyvtable organ- 


However, Neufeld does not offer any direct evidence 


at the active substances present in posteritical ser: 


alone has reported that the serum of patients after 
phagocytosis of virulent organisms, not 
vtable in normal human serum. He found that serum 

at 56° C. was as active as fresh serum. He does not 

us technic in detail further than that he followed Neu- 
’s method of using guinea-pig exudate leucocytes, and 


ie Iineubated the mixtures 45 minutes. The cultures li 


‘virulent.’ but the source of them is not stated. 


SC] hes as 


10 details as to the patients studied, nor does he 


ssly state that more than one individual case was tested. 
boettcher” has reported finding tropic activity in (heated) 
ilescent sera. Though she states that the cultures used 
irulent strains obtained by blood cultures from patients 
vith pneumonia, they could not have been highly virulent at 
time the experiments were carried out, since they were 


n normal serum. ‘This increased activity of 


gocytable 
steritical serum was therefore simply an increased power 
ngesting a (relatively) avirulent phagocytable strain, and 


significance of it is open to the same doubt as the re- 


orted increase in opsonic index, already described. 

Boni” also reported finding increased phagocytic activity 
n heated serum at the crisis, as compared with normal heated 
serum. He describes the increase in heated serum (tropines) 
as more specific (as compared with staphylococci), but less 
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marked than that in active serum (opsonines, as well as 


tropines). He also used phagocytable organisms, and In 
results are open to the same criticism as are those of Boettcher, 
for this reason. 

Strouse “ alone reports the use of homologous strains as 
well as stock cultures. He obtained entirely negative results 
with virulent non-phagocytable strains, and this was perhaps 
due to the fact that he used the sera in too high dilution (1 


in 10 to 1 in L000), 


Rosenow ~ found that tl vactericidal power of pneumoni 
defibrinated blood (for phagocytable strains) was greate1 than 
that of normal blood. This found was due to phagocytosis. 
The increased activity bore no relation to the crisis, and was no 
more marked for the homologous than for an heterologous 
strain, but it was roughly proportional to the leucocytosis, and 
was attributed by him to a non-specific increase in the activit 


of the pneumonic leucocytes. 


Tunnicliff * found at the crisis, by the plate metho nin 
crease in the pneumococcidal power of the blood (serum and 
leucocytes) for avirulent strains only, which was roughly 
parallel with the rise in opsonic index. Eggers found a 
similar increase for st : tures OL “* moderate yirulenc 
his ittributed to phago sis t did not exclude the 
possibili if its being due in part to agglutination. 

B “Se f these contradictol results i em lesira 
wetul 0 iv t SC] ) ected s¢ s 0 Cs | 
special object of the work was to determine the constaney wit! 
which antibodies appear at the erisis, an [ possib » demon 
strate their nature. It seemed proba that tl allure ol 


previ us Investigations was due to some common tundamental 


error in the met ls emploved, 


Is error was probably to be found in 


Haendel suggested that 


a difference between the strain of the organism used in thi 
tests and that with which t patient was infected. ‘There- 
fore, in all except one of the following series of cases 

homologous virulent strain was employed. The activity of 
the serum of the patient after crisis (or lysis) was compared 
with that of normal serum, and in the last two cases with 


that of the same patient before the crisis, both as to its power 


passively to protect mice, and its powel! to promot piavo- 


evtosis in the test tube. 


TECHNIC, 


The cultures were isolated from the sputum of the patient 
as early as possible in the disease, in every instance before the 


temperature began to fall. The method used was that em- 


ploved by Luetscher." A single specimen of sputum, raised 


after a paroxysm of coughing, was expectorated into a sterile 
Petri dish, and immediately washed thoroughly three to eight 
times in sterile broth. A small particle of the washed sputum, 
or a few loops of broth from the last washing, wer smeared 
with a sterile, bent glass rod over the surface of several human 
blood agar plates, and the latter incubated 24 hours. If the 
sputum was tenacious enough to permit thorough washing, 
practically pure cultures were easily obtained, containing at 
most four or five contaminating colonies on each plate. If 
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not tena 1s enou . permit mouth contaminations to be serum-meat-intusion-broth culture of the homologous strain of 
vash ntirely off, pure cultures could not be obtained. But pneumoco The doses varied from 0.02 ce. to 0.000002 ce. in 
( the « nies (at least SO per cent) a volume of 0.2 ec. The mice were kept under observation for 
ne coecus nl ( ilture was con ten days or two weeks. As a rule, however, more definite, 
( cultures several colonies wel clear-cut results are obtained if the period of observation is 
wtion sted. Only tvypieal strains shortened arbitrarily to four days, as recommended by Neu 
\ | l i} pl nococeus was obtained fel | ( tures are of the usual lich virulence tl 
! 1 st n was determined mtrol ils | Ing norn m hie is a rule 
, ene re mle u If non within -S hours, and almost invariably thev show a general 
( li len at the M. L. D. for septicwmia. \ eonsiderable proportion of the protected 
OOO ce, 1 24 dur serum-meat-intu inlmais Wi uuitiive the controls, but i] ater, after four 
t Was usé vithout anima Issa This to fifteen davs. Cultures from t od and peritoneum of 
( Was ren o the mu Suu inimals almost invari; terile. In some eases 
} fay n rdaer f i 1d Aa possivl arge inemorrhages In the serous l es were Ttound, as de- 
! isa ult « the a ni seribed by Sprunt and Luetscher, iue to toxic degenerative 
| t ( I enee thie un l anges in the istie tissue ob the la teres, gi e animals 
weura ( n these cases seem to have overcome nfection and killed 
j . the body of the patient tha olf the invading organisms, on! oO cumb to the late effects 
( 1 W esorted to. \ OSS ( crease n oL the erate toxines, While | Ss not prevented, the 
ne 1 modera C21 pr rolongation » and the sterile iltures after death, may 
ve erum. Iloweve1 mopara studies ve accepted as definite indications me degree of protec- 
l solated le two methods tive power on mart of the serum. At best, the test 1s but 
1 comparative quantitative one. Neufeld and others have 
nt e strains were cultivated shown that normal serum as used here often protects mice 
n ST od 1 msters wel nade a slight ut 1itel Om Highs ruient cultures, In all 
e ben o avoid dest cases autopsies were performed and the presence or absence of 
es erimen ndicated that, i organisms in the blood and the peritoneum determined by 
e | \ s to a vy weeks, no change in ( smears, cultures, or by both. 
ro v Sm OE red, nor was there an In the last four cases Dochez’s method was followed.” The 
eclabl Ss O ence. That ar Oss ‘ulence can serum (0.2 ee.) and each culture dilution (also 0.2 ee. in 
or ‘ y yeneration on ood aga quired for volume) were mixed in the test tub nd after standing for 
isola er neeivab about an hour the whole was injected intraperitoneally. This 
| P \ vas als nT ood cultures is undoubtedly better than the Neufeld method, and failure te 
| \ SES arn ests ( ener lood and use it may explain some of the early negative results. 
tt l e same 1 ‘ \ nace In nt 
ds tested, howeve » davs after Isolation, Prracocytrosis Trsts. 
wa 33 ent than the sputum strain, tested 35 The phagoeytosis tests were carried out in every ease with 
davs after isolation, and again 52 days after isolation. In the the virulent strain isolated during acute stage from the 
l Ise De strains tested Immediat were of equal and sputum (or blood) of the patient whose serum was tested. 
€ reap such sputum Isola With but two exceptions, discussed in detail later, they were 
. te rv the wt that in th cases the strains not phagocytable in fresh normal human serum, under the 
‘ ind s vi ca ( serum conditions of the experiment. In every case several heter- 
S ologous strains were also used, for the purpose of comparison. 
S S the mediat In particular, each serum showing any action on its ho- 
l Che sterile se I Was pipettes if alter contrac- mologous organism was also tested with the strain from every 
nd stor e in the dark, without inacti- revious patient whose serum had shown any phagoevtie activ- 
Ol 1 Cre tive ! it rie ISCS 1T\ Fairly thick emulsions of the organism were made from 
% ce] ( avs alt e crisis was 24-hour blood agar slants by rubbing up a loop of the growth 
é | ( ises, whi ssible, several specimens n two o1 ee drops of salt solution. The sera were used both 
l sb Ul rte sis wert ster in fresh condition and after inactivation for 30 minutes at 56 
In inst evel wes the technic | owed in the serum to 60° C. Ina few instances the sera wer also diluted Lin 3, 
( nts was that described by Neufeld.’ Each 1 in 10, 1 in 30, and 1 in 100. But experience soon showed 
( is es wert yen ( nto thre veritoneal cavity that the activity was so slight [nat [ usually disappeared 
with 0.2 ee. o atient’s serum, a second series of control entirely in a dilution of even 1 in 3. The leucocyte suspen- 
dl ils rec ng the same quantity of normal serum. ‘Three sion was obtained either by defibrinatine a few cubic centi- 
hours later all received intraperitoneal injections of a 24-hour meters of normal human blood or by mixing it in 1.5 per 
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nt sodium citrate solution, and washing three times in 


} } 


0.85 per cent salt solution. The upper lavers (the leucocyti 


eam”) were pipetted off. and thoroughly mixed, to insur 


rm suspension of leucocytes. 


wyte suspension were mixed and incubated at 37 


(. in capillary pipettes, as in Wright’s method. 


\fter incubation smears of the mixtures were made by pull- 
drop over the surface of one slide with the edge of 
narrower slide. The smears were fixed for two or 


inutes in absolute methyl alcohol and stained for 


er inutes in methvlene blue. 


ery case, in addition to the preparations containing 


sh, and those containing heated patient’s serum, contr 
rations were made, some containing fresh normal ser 

some ated normal serum, and some salt solution alone. In 

nine the smears counts were not made. Only gross 
ences easily recognizable after a rapid general surve 
reparation were regarded as of anv significance. ‘| 

ree of phagocytosis was described as absent (0), definite 
strong (++), and maximal (+++). Unless t 

reparations, containing normal serum, showed eithet 

e absent if phagocytosis, or at most a minimal 

eree of it (perhaps 10 or 20 pair in 50 leucocytes), phago- 

sis in the test preparations was not regarded as significant. 

So card must be paid, however, to the time of incubation 


n order to get clear cut results. As a ruie, the best prepara- 
ions were obtained after 30 minutes incubation. If thes 


( negative similar mixtures were incubated for one and 


t rs, but rarely was anything gained by the longer incu- 
ion. On the contrary, in several cases where, after 50 
inutes incubation, the normal serum controls showed no 
gocytosis and the posteritical serum strong phagocytosis, 
fter two hours incubation the difference was much less 


linite, owing to a certain amount of spontaneous phago- 
isis taking place in the controls. In other cases no phago- 


tosis took place, no matter how prolonged the incubation. 


A further drawback to prolonged incubation is the fact that 


not infrequently quite a marked degree of intracellular diges- 


tion of the organisms takes place, making them stain ver 
poorly. Not 


showed signs of degeneration as if injured by the prolonged 


nfrequently, too, the eucocytes themselves 


contact with the organisms. The activity of the leucocytes 
was always demonstrated by control mixtures containing 
strain known to be easily phagocytable in normal serum. 

This method was chosen in preference to the Neufeld 
method, in which guinea-pig leucocytes are used, because of 
e possible advantage of using homologous leucocytes, as 


ngermann”~ has shown that under certain conditions sera 


may exert a bacteriotropic action only in the presence of 


omologous leucoevtes. 


In every instance the experiments were repeated once or 


twice on subsequent days with different specimens of normal 
serum and leucocytes to insure that the results were not acci- 
dental. 


While this method gave satisfactory results as a routin 


For the test equal volumes of serum, bacterial suspension, 
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procedure, it proved not to be delicate enough to demonstrate 


tropic activity in all cases. As above deseribed, the mixture 


contains one volu of serum diluted 


with two parts of salt 

solution (bacterial an coeyte suspension). As the sera 

which were active under such conditions lost their activity 
' 


when diluted 1 in 3 (so that the actual serum concentration in 


the mixture was 1 in 9), it was felt that the method would 


prove more accurate if serum were emploved instead of salt 
solution as the suspending medium, 

In the one case in whi there was an opportunity to test 
this m fication, a positive result was obtained, whereas the 
regula ethod above deseribed gave a negative result. In- 
stead of suspending the culture in salt solution, it was sus- 
pend I rop of steritical serum. a conti nsion 

ing mat n normal serun Instead sing ICO 
cytes, a suspension was prepared directly from the rinated 
lood of the patient ar normal individual. T vould 
permit sensitization of th cecil to take place in concentrated 
serum betore elnege exposed to the acthon of the wytes, 
and would take advantage of any extra activi tte! 
might show when suspended in their n serun : vared 
with a salt solution suspension. Equal parts of leucocyte 
suspension in serum and culture suspension in postcritical 
serum gave positive results, whereas normal leucocyte suspen- 
sion and culture suspension in hormal serum showed no 


trace of nl aco vtosis. 


\ further possible cause of failure might be the 


of inhibiting substances in the concentrated serun s sug 
vested by Neufeld. In negative cases, therefore, the organ- 
isms should also be digested in the serum and then washed 


tore le ucocytes are added, 
Failure to use these modifications may be the cause of some 


of the earlier negative results. 


RePoRT OF CASES. 


CASE I.—L. F., colored female, aged 13, was admitted to the hos- 
pital May 19, 1911, on the second day of the disease, with signs of 
consolidation of the right upper lobe, later extending to the mid- 
dle and lower lobes as well. Blood culture on the fifth day gave 
a growth of pneumococcus. The strain used was plated from the 
sputum on the eighth day. The temperature fell by very pro 
tracted lysis from 102° on the sixth day to 100° F. on the sixteenth 
day. There was a slight elevation of temperature, from 99° to 
100° F., for the following four weeks, with signs of delayed resolu- 
tion. The patient was discharged August 2, with normal tempera- 
ture and physical signs. The serum used was obtained May 28 
(the eleventh day) and June 1 (the fifteenth day), both during 


lysis. 


Result 


No. Culture Dose. 


M St June ls 
Series A N Series B. Ser’m, Series ¢ Nor- Series D. Ser'’m 
Mal Ser m ith Dav. nai Serum, th Day 
5,000,000 pai hours 6 days i days I 
Cul 
20,000,000 pair. °4 hours 3 days 24 hours ivs 
( ( ] ) 
80,000,000 pair . ) hours + 6 days days ived 
‘ 
4 320,000,000 pair pes — : lays 
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series a counted suspension of organisms from a 


this one 


slant was used. There was definite protective power 


erum obtained on the eleventh day, and also by 


blood agar 
shown by he 
that obtained on the fifteenth day 

rhe phagocytic activity of the serum was not tested. 

years old, entered the hospital 


Cask II R. G., colored male, 23 


Ni mber 27 i111, on the third day of the disease, with signs of 
const ition of the right middle lobe. The pneumococcus was 
plated from e sputum November 28. The temperature fell by 
mn the eighth to the eleventh days. The case was clinically a 
l ( rhe serum was obtained December 4, on the tenth day, 
vo day ifter the temperature began to fall, but two days before 
iched normal. 
RESULT I ST DECEMBI 
c I 
nie 
| re 
19 hems 
There was no evidence of protective power, but rather an in- 
creased susceptibility to the culture, on the part of the treated mice, 
This probably is due to the use of serum obtained during the 
febrile stage. Washbourn™ found that serum (blister fluid) of 
pa luring the acute stage of the disease, in six out of seven 
cases, distinctly increased the susceptibility of rabbits to a virulent 
phneumococcus culture. 
The phagocytie activity of the serum was not tested. 


, colored male, 25 years old, was admitted to the 


Case III] C. W 


hospital February 24, 1912, on the third day of the disease, with 
signs of consolidation of the right upper, middle, and lower lobes. 
Blood culture gave no growth. The temperature fell by protracted 


crisis on the ninth and tenth days. The serum was obtained ten 





days after the crisis. A stock culture of very high virulence was 
use ead of an homologous strain. This may explain the com- 
plete failure to demonstrate any protective power. 
The phagocytie activity of the serum was not tested. 
RESULT MARCH 
, s \ N s Sé B Normal! |Se es ( W S 
\ iB) t 
Se n um, Marcel 
1 
4 ee avs 
oY 4 ‘ Ss. t Ss 
ta 
( Lys. ’ 


Case IV.—F. C., white male, 23 years old, was admitted April 8, 


1912, on the second day of the disease, with signs of consolidation 


RESULT APRIL 22, 1912. 
Series B, ( seri 
N ‘ ire Dose Series A. Normal Serum. ; erum, 
April 16, 
c 2? ivs iavs 
fdayvs, lays 
’ > dava 2 davs 
" Ww? ex iVs 2 lays 
) ce ivs. Mavs 
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of the right lower lobe. Blood cultures were sterile. The culture 
used was plated from the sputum on the third day of the disease 
The temperature fell by crisis on (April 13) the seventh day. The 
serum was obtained three days after the crisis. 

There was no protective power whatever. The doses used were 
a little too large. 

The phagocytic activity of the serum was not tested. 

Case V.—C. P., white male, 19 years old, was admitted May 
1912, on the second day of the disease, with signs of consolidation 
Blood culture showed no 
was plated from the sputum on the 


normal by protracted crisis 


of the right upper and left lower lobes. 
The culture used 
The temperature fell to 
Serum was obtained May 14, the 


growth. 
second day. 
on the tenth and eleventh days. 
day after crisis. 


RESULT MAY 


; » Serur 
No ( re D Ss \ ( s S . o : ' , 
i =} s 
) 4 ho 1. 48 } I 
4 Lived Lived 
} s Live 
5 ) s Live 


There was definite protection from ten and from a hundred times 
the dose fatal for control mice. The survival of one control mouse, 
which received a larger dose than two of the others which died, 
illustrates an irregularity not infrequently met with, and probably 


referable to an individual peculiarity of this mouse. 


Puacocytosis Test May 16. 


(1) Washed norma! leucocytes + P— culture suspension + normal 
Phagocytosis 0. 


= 


serum. 


(2) Leucocytes P— culture serum (May 14). Phagocy- 


tosis (strong). 
The serum thus showed definite phagocytic activity as compared 


with normal serum. 


VI.—A. H., white male, aged 19 years, was admitted Decem- 
1912, on the third day of the disease, with consolidation of 
Blood culture gave no growth. 


CAS! 
ber 7, 
the right middle and lewer lobes. 
The culture used was plated from the sputum on the fourth day. 
The temperature fell by crisis very abruptly on the seventh day 
(December 11). The serum was obtained December 13, two days 
after crisis. 


RESULT DECEMBER 14, 1912. 


No. Culture Dose Series A ( S - Series B. H— Serum of 
. December 13. 
U ( ivs 8 hours. 
1.002 ec. t lays. + 2 days. 
3 ) ‘ 2 : + 2davs. 
j yO) ( s ? days. 
) yOO00) ( ° 3 2 tvs. 


There was not the slightest evidence of protection. 
Phagocytosis tests were also negative. 

(1) Washed leucocytes + H— culture + normal serum = 0. 
H— culture + H— serum =—almost 0. 





(2) Washed leucocytes + 
The 
negligible. 


difference in the preparations was so slight as to be 


Case VII.—S. T., white male, aged 18 years, was admitted March 
8, 1913, on the third day, with signs of consolidation of the right 
lower lobe. Blood culture on March 10 showed no growth. The 
culture used was plated from the sputum on the fourth day. The 
temperature fell by crisis on the seventh day (March 12) to 99° F., 


























roBER, 1913. ] 
ontinued slightly elevated (99° to 100° F.) for ten days. The 
m was obtained March 13, two days after crisis. 

RESULT MARCH 


Dose Series A. Control Serum Series B. T—Se 


rotective power was shown. 

culture was of low virulence and killed slowly, the viru- 
as raised by passage through 8 mice, and the tests repeated, 
| ame specimen of serum. 


RESULT JUNI 


D S \ Normal Ser se I Ser larcl 
( 4 he i hours 
s 4 he 
y ! ‘ he 
WOO? C¢ Live b 1M s 


trol mouse receiving T—’s serum without culture lived. In 
s the sera were mixed with culture dilutions and the 
xtures were injected into the mice. The patient’s serum (which 
ivably have weakened in three months) not only offered 
ré tion, but favored infection, as compared with the normal 
ontrols. This failure to show protection may be due to the 
t the serum was taken before the temperature had quite 
, normal. 

ytosis tests were also negative. T—’s culture was not 
ted at all by washed leucocytes, either in normal serum, or 

serum of March 13. 


Case VIII. 
913, on the fourth day, with consolidation of the left upper lobe 


F. P., colored male, 19 years old, was admitted March 


neumococcus was cultivated from the blood on the fifth day, 
colonies per cubic centimeter. The strain used was plated 

from the sputum on the fifth day. The temperature fell by crisis 
n the tenth day (March 17). There was a slight persistent post- 
al elevation of temperature, with persisting signs of consoli- 

tion in the left upper lobe, which were regarded clinically as 
icating delayed resolution. They subsided gradually after ten 
ays. The serum used was obtained March 18, the day after 


RESULT MARCH 22, 191 


e Dose Series A. Normal Serum. Series B. P— Serum, March 18. 
( + lay culture iy culture 
2 ce . iv culture iv culture 
ah! cc 7 2 ivs culture + , ivs culture + 
WW ee. + iv culture + iys culture sterile. 
WKW2 Ce, . day culture ivs culture sterile. 


Some protection was shown. The mice Nos. 4 and 5, in Series B, 
outlived the controls, and overcame the infection, as shown by ster- 
ile cultures, whereas the controls all showed a septicemia. 


*hagocytosis tests were negative. The strain P— was not pha- 
yted by washed leucocytes, either in fresh normal serum, or 
in P—’s postcritical serum. 

Case. IX.—L. T., colored female, 20 years of age, was admitted 
March 17, on the fifth day, with signs of consolidation of the right 
middle and lower lobes. Blood culture on admission gave no 
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growth. The culture was plated from the sputum on the fifth day. 
The temperature fell by protracted crisis on the sixth and seventh 
days. Serum was obtained on March 20, the day after crisis. 


tESULT APRII i, ) 
Ne Cul e Dos Series A Normal Serum Se I Serul Marcl ) 
0.4 r i} s é i hours cultur 
( J is hou « t 
000 - oe ; ours 1 ture > is bie 2 ¢ 
j OOOO ( s t i ri t t 
wun ( 18 s< 


There is a slight degree of protective power shown in that two of 
the protected mice outlived the controls, and gave sterile cultures. 


*~hagocytosis tests were negative. The strain T— was not 
phagocyted by washed leucocytes, either in normal serum, or in 


T—’s postcritical serum. 


Case X.—J. A., colored male, aged 29, was admitted March 24, 
1913, on the third day of the disease, with consolidation of the 
right upper lobe. Blood culture on admission gave no growth. 
The culture was plated from the sputum on the fourth day. The 
temperature fell by crisis on the fifth day (March 26). Serum was 


obtained March 27, the day after crisis. 


KESI r APRI 
( ‘ Ss s \ mal Ser Ss I \ ~ \ } 
( ivs ¢ 
‘ ( 1 
‘ i 
4 c. i ( 1 ‘ 
WZ CC " " 


There was no evidence of protective power. Attempts to increase 
the virulence of the strain by passage through six mice were un- 
successful. 

There was no demonstrable increase in phagocytic activity. 
The strain A— was not phagocyted at all by washed leucocytes, 


either in normal serum, or in A—’s postcritical serum. 


Case XI.—W. R., colored male, aged 27, was admitted March 7, 
1913, on the fourth day of the disease, with consolidation of the 
right upper and middle lobes. The pneumococcus was cultivated 
from the blood on admission, one colony per cubic centimeter 
(strain R— blood). In addition a sputum strain was used, iso 
lated by plating, on the fourth day. The temperature fell by 
Ivsis on the eighth to the tenth days. The serum was obtained 
March 14, the day after the temperature became normal. 


RESULT MARCH 22, 1913, USING STRAIN R BLOOD 
No. Culture Dose. Series A Normal Serum. Series B g Serum I iv. 
Mm cx ‘ s « { s 
J 0,002 ce, 8 iVs < t e 0. ivs 
7 0.0002 ce, ( i < re 0). ivs ¢ 
ri 102 ce. Lvs ¢ e( Live 
) 0.000002 e¢ s Avs 


The protected animals on the average outlived the controls. 
But the virulence of the culture (after two weeks cultivation on 


blood agar) was too low to give definite results. 


RESULT APRII 


No./Culture Dose. Series A Norma] Serum. Series B. R— Serum No Serum 
02 ec. iv cult e + + 4 days culture 
9 0.002 ec. iy culture + - 4 days culture } hours 
0002 ec, av culture + Lived 
4 0.00002 ec. + G days ire 0, + 2 days culture 0.* : s hours 
5 0.000002 cc. Lived 6 days culture 


* This mouse died of a large intrapleural hemorrhage. 
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Second Test: Here the strain isolated from the sputum was 
used. It had been grown for five weeks on blood agar, without 
passage through animals. 

This series showed well-marked protection in the survival of the 
treated mice for a considerably longer period than the controls, 
and in their yielding sterile cultures, in contrast with the septi- 
cemias in the controls, 

The phagocytosis tests will be described in connection with Case 
XII. 


Case XII.—C. S., colored male, aged 34, was admitted to the 
hospital March 18, 1913, on the sixth day, with signs of consolida- 
tion of the left lower lobe. Blood culture on March 20 was sterile. 
The culture used was plated from the sputum on the seventh day. 
The temperature fell by crisis on the tenth day, though there was a 
persistent elevation of temperature to about 100° F. for two weeks. 
This was associated with an encapsulated effusion (X-ray) in the 
left lower chest, which finally was absorbed spontaneously, and 
the patient was discharged well April 14. The serum was obtained 
March 22, the day of crisis. 


RESULT APRIL 16, 1918 
N Culture Dose Series A. Normal Serum. Series B. S— Serum, Wth day. 
1.02 ec 2 day Lived 
).002 ee lays + 2 days 
0002 ec. + 2 day Lived 
j 100002 ex lay + Oday 
) ) 000002 ce, Lived + 7 davs, 


There was definite and fairly strong protective power demon- 


strated, 


PHAGOCYTOSIS TESTS WITH SERA OF CASES XI AND XII. 


Degree of 


N Leucoeytes. Cultures Used. Serum Used. Phagocyto’s. 
Washed leucocytes + R pdlood Normal serum. 0 
Washed leucocytes R— blood + R— serum (fresh). + 

; Washed leucocytes R sputum Normal serum. 0 
4 Washed leucocytes + R—sputum + R— serum (fresh). t 
5 Washed leucocytes + R— sputum + R— serum (heated to 
°C.) + 
6 Washed leucocytes + 'R sputum + R serum (diluted 1 Almost 0. 
ins). 
Washed leucocytes + |R— sputum R-— serum (diluted lin, Almost 0, 
3 + normal serum). 
8 Washed leucocytes + R— sputum +4 R— serum (26 daysold) 
») Washed leucocytes + \R sputum, after R— serum. +++ 
passage through 
i mouse, 

10 Washed leucocytes S— sputum + t— serum. ) 
Washed leucocytes P—sputum + t— serum. 0 

12 Washed leucocytes T— sputum + R serum, 0 

3 Washed leucocytes A— sputum + N serum. ) 

14 Washed leucocytes S-— sputum + Normal serum. ) 

1 Washed leucocytes S— sputum + S— serum (fresh). ae sale 

16 Washed leucocytes S— sputum -+ s serum (heated to 

6°C.). 
17 Washed leucocytes S—sputum + S— serum (diluted 0 
in 3). 


serum, 0 
serum, uo 


R— sputum + 
T— sputum + 


8 Washed leucocyte S 

’ Washed leucocyte Ss 

) \ sputum -+ S—- serum. 0 
Ss 


DAI Washed leucocvte 

» Washed leucocyte S— sputum + serum (20 days + 
old) 

22 |Washed leucocytes + j|S—sputum 4 S- serum (32 days Almost 0 
old). 

23 Washed leucocytes +|R—sputum + R serum (40 days + + 
old). 

24 |Washed leucocytes R— sputum + R serum (50 days t 
old). 


The results of several series of tests are combined in the 
table above. They show that the postcritical serum of each 
of these two patients caused active phagocytosis of the homol- 
ogous virulent strain, which, in each case, was not phagocyted 
in normal human serum. Neither serum caused any phag- 
ocytosis whatever of the strain isolated from the other patient, 


nor of several other heterologous strains. These two strains, 
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therefore, differed sharply in their serum reactions, as 
tested in vitro, and presumably might fall into different 
groups, though they were practically identical culturally. To 
determine whether the sera showed the same specificity in 
strain in their power of protecting mice, as in their phago- 
eytie activity in vitro, the following crossed protection tests 
were carried out, the same specimens of serum being used as 
in earlier tests. The cultures used were R— sputum, and 


S— sputum, after it had been passed through one mouse. 


RESULT APRIL 26, 1913. 
N Culture R—. Series A Series B. Series (. 
No. > vee 
Culture Dose. Normal Serum. t serum. S— Serum. 
0.02 ec. t lay culture + + 4 days culture 0 + lday cult. 
2 0.002 e lday culture Lived, + 2d’vs cult 
3 0002 ec, + 2 davs culture + Lived 2d'vs cult. 
4 00002 ec, > davs culture days culture 0. + 2d'vs cult.+ 
5 0.000002 ce. Lived. Lived, : day cult. 
N Culture S—. Series D. Series EF. Series F. 
0. > . 
Culture Dose. Normal Serum. R Serum, S-— Serum. 
0.02 ec, + 2davs culture + + 2days cult. 0. Lived. 
9 1.002 ce. + 3 davs culture + + 2davscult. 2 dayscult. 0. 
} 0.0002 ec, + 3dayvs culture + + 2daysecult. 2dayscult. 0. 
4 0.00002 ce, + 3days culture + dayseult. 0. Lived 
5 WO0002 ee. + 5davs culture + >davs cult. + + 2udlavs cult. 0. 


These tests showed that the protective power for mice of 
these sera ran parallel with the phagocytic activity in the 
test tube. R— serum protected very well from the homolo- 
gous strain, but did not at all from S—. S—’s serum, on 


the other hand, did not show the least protective power toward 
R—, but did protect definitely, though rather feebly, from 


the homologous strain, S—. 


Case XIII.—W. D., colored male, 17 years old, was admitted 
April 24, 1915, on the fifth day, with consolidation of the right 
lower lobe. Blood culture on admission was negative. The cul- 
ture used was plated from the sputum April 24. The temperature 
fell by crisis on the sixth day. Serum was obtained May 3, ten 
days after crisis. 


RESULT MAY 16, 1913. 


No. Culture Dose. Series A. Normal Serum Series B. D-— Serum. 
1 0.02 ec. + 2 davs culture + Lived. 
2 0.002 ec. + 3 days culture + 4 days culture 0, 
3 0.0002 ec + 1 day culture 0. Lived, 
4 0.00002 ec, + 2 days culture 0. Lived. 
4 0.000002 ee + 2? davs culture 0. + 1 day culture 0. 


There was well marked protective power manifested. 
Phagocytosis tests May 3, 1913. As the ordinary method gave 
negative results, special methods, already described, were used. 


Culture Strain Result Degree of 





No. Leucocytes. Suspended In. Serum. Phagocytosis. 

1 Normal blood. D— in normal serum, Normal. 0 

2 D— blood. D— in D— serum. D—. +++ 

3 Normal blood. D— in D— serum. D—. ++ 

4 Normal blood. D— in salt solution. D—. 0 

5 D— blood. R— in salt solution. D—. 0 

6 D— blood. S— in salt solution. D- 0 

7 D— blood. P-— in salt solution. D—. 0 

8 D— blood. N— in salt solution. D—. 0 


By suspending the cocci directly in serum and using defibrinated 
blood in place of washed leucocytes, marked phagocytosis of D— 
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strain was demonstrated in his own serum; but none whatever in 
normal serum. The patient’s leucocytes seemed to be slightly more 
active than normal leucocytes: but the essential factor in this 
activity was in the serum. The serum had no effect on four heter- 
ologous strains treated, three of which had been phagocytable in 
the postcritical serum of the patient from whom they were 
cultivated. 


Case XIV.—R. C., white male, aged 49, was admitted May 20, 
1913, on the first day of the disease, later developing signs of con- 
solidation of the left upper and lower lobes. Blood culture on the 
second day was sterile. The culture was plated from the sputum 
on the second day. It was of the streptococcus mucosus type. The 
temperature fell abruptly (pseudocrisis) on the fifth day, but rose 
again, and fell by lysis, to normal on May 30. Serum was obtained 
May 21, May 23, May 26 (during lysis), and May 31 (after com- 
plete lysis). 

RESULT MAY 27, 1913. 


Series A. Series B Series C Series D . 
N ( ¢ dos . - F " ~ No Seru 
Dove Norm’] Ser’m| C—, 5-21 C-—, 5-33. C—, 5-26. » Serum. 
ce + 24 hours. + 18 hours. + 18 hours. 8 hours. +24 hours. 
> + 18 hours. 1- 24 hours. + 18 hours. ae rae 
ee. + 24 hours. + 42 hours. +- 42 hours. 42 hours. + 24 hours. 
{ OOOU2 ec. + 42 hours. + 42 hours. + 42 hours. OE ROMNE| occvcces 
wou2 ce. + 24 hours. 24 hours. + 18 hours. +24 hours. + 45 hours 
Cultures positive, 
RESULT JUNE 16, 1913. 
No Culture Dose. Series E. Normal Serum. Series F. C-— Serum, 5-31. 
-02 ec. + 19 hours culture 18 hours culture 
0.002 ec. + 42 hours culture 12 hours culture -+- 
0.0002 ec. + 42 hours culture + Lived. 
H 00002 ce. + 66 hours culture + Lived. 
-000002 ce. 42 hours culture 66 hours culture 0. 


There was definite, though not strong, protective power, but only 
in the one specimen, taken after the temperature permanently had 
reached nermal. Some of the negative results obtained in previous 
cases are probably due to failure to test the serum at repeated 
intervals, as has been pointed out by Dochez. 


PHAGOCYTOSIS TESTS. 





No Leucocytes. Culture Strain Suspended In. Serum. Result. 
Normal blood. C— normal serum. Normal Almost 0. 
Normal blood. C— C— serum, 5-21. ( »-21 Almost 0. 
Normal blood. ( C— serum, 5-23. ( » 5 Almost 0. 

t |\C— blood, 5-23. ( C—— serum, 5-23. C—, 5-23. Almost 0. 
Normal blood, C— in salt solution. Normal 0 
6 Normal blood. C— in salt solution. C—, 5-26. + + 
7 | blood, 5-26. (— in salt solution. ( 5-26. TTT 
8 C— blood, 5-26. P in C— serum, 5-26. C—, 5-26. 0 
) |\C— blood, 5-26. D— in C— serum, 5-26. ( 5-26. 0 
) i blood, 5-26. S— in ¢ serum, 5-26. C—, 5-26. 0 
| |Washed leucocytes. ( in salt solution. Normal. 0 
2 |Washed leucocytes. ( in salt solution. C—, 5-26. + + 
3 |Washed leucocytes. C-— in salt solution. C— (heated at ++ 
56°C.) 
{ Washed leucocytes. ( in salt solution. C—, 5-26 (di- + + 
luted 1-3). 
Washed leucocytes, C— in salt solution. (Diluted .1-10.) 0 
16 Washed leucocytes. C— in salt solution C—, 5-31. + to + 
17 |Washed leucocytes. P— bl. in salt solution. C—, 5-26. | 0 
8 |Washed leucocytes. 


W— bl. in salt solution. C—, 5-26. | 0 


This table shows that the culture C— was not phagocyted 


< 


t all in normal serum, nor in the serum of the patient early 


n the disease. With the fail in temperature, the serum ac- 
quired the power of promoting phagocytosis of this one cor- 
responding strain, but not of five other heterologous strains, 
all of which had been shown to be susceptible to the action 
of their own homologous serum. This power appeared at a 
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time when efficient protective power had not yet appeared. 
It was more marked than usual, in being evident in a 1 to 9 
dilution of serum, but not in a 1 to 30 dilution. 


CasE XV.—R. P., colored male, 24 years old, was admitted May 
28, 1913, on the third day of the disease, with consolidation of the 
right upper and middle, and left upper lobes. The pneumococcus 
was cultivated from the blood on the third day, and again on the 
fourth day, when 175 colonies per cubic centimeter appeared on 
the plates. A sputum strain was also obtained by plating on the 
third day. Death occurred on the sixth day. The serum was 
obtained on the third day. This man lived in the same house as 
did Case XVI, and was taken sick two days later than he. 


CasE XVI.—D. W., colored male, 27 years old, was admitted 
May 28, on the fifth day, with consolidation of the right lower lobe. 
Blood culture on admission was negative. The culture used was 
plated from the sputum on the fifth day. The temperature fell by 
crisis on the eighth day. Serum was obtained on the fifth day 
(May 28), eighth day (crisis, May 31), and ten days after crisis 
(June 10). 


PRELIMINARY VIRULENCE TESTS (MICE) 


No Dose. Series A P Blood. Series B. P— Sputum Series C. W 
l 0.000002 ec. $8 hours + 48 hours wien 
0.00002 ec. + 48 hours + 48 hours + 48 hours, 
0.0002 ee, 48 hours 48 hours 
{ 0.002 ec. + °4 hours + 24 hours 
5 0.02 ce. + 24 hours + 24 hours 


All three strains were of high virulence for mice; and the blood 


and sputum strains of P— were of equal virulence. 


PHAGOCYTOSIS TESTS. 





Result. Deg. 











No. Leucocytes. Cuture Strain Serum. of Phago 
Suspended In. cvtosis 
1 Washed, normal + ? sputum in salt sol + Normal human. -- 
2 Washed, normal + P sputum in salt sol +P 28 
8 Washed, normal + P— blood in salt sol Normal human. 
4 Washed, normal + W in salt solution Normal human. 
5 Washed, normal + W in salt solution + W—, 5-28 
6 Washed, normal + P— sputum in salt sol. +|Normal human 0 
(heated to 56°C 
7 Washed, normal + P— blood in salt sol. + (Normal humar ) 
(heated to 56°C.) 
8 Washed, normal W— in salt solution + Normal human ) 
(heated to 56°¢ 
9 Washed, normal + P— sputum in salt sol. + Norm. rabbit, fresh. ) 
10 Washed, normal P— sputum in salt sol. +- Norm. mouse, fresh. ) 
11 Washed, normal + P— blood in salt sol. + Norm, rabbit, fresh. ) 
12 Washed, normal + P— blood in salt sol. +4 Norm. mouse, fresh. 0 
13 Washed, normal + W in salt solution + Norm. mouse, fresh. ) 
14 Washed, normal + W in salt solution Norm, rabbit, fresh, ) 
15 Washed, normal + P-— blood in salt sol. + P serum, 56°C, ) 
16 Washed, normal + P— blood in salt sol. + W—, 5-31, 56°C 
17 [Washed, normal + W in salt solution + P— serum, 56°¢ 
18 |Washed, normal + W in salt solution + W— ser., | 
19 Washed, normal + W in salt solution + W-- ser + 
20 |Washed, normal + W in salt solution + W— ser., to + 
21 Washed, normal + W— in salt solution + W ser., 5-31, 56°C ) 
(diluted 1 in 3) 
22 Washed, normal + C— in salt solution + W— ser., 5-31, 56°C ( 


23 Washed, normal + Pr— in salt solution +4 W— ser., 5-3 
24 Washed, normal Neufeld Pnl in salt sol. + W-— ser., 5 





25 |Washed, normal R— in salt solution + W § 0 
26 |Washed, normal + S— in salt solution +4 Ww 5 0 
27 |\Washed, normal + D— in salt solution + W 5 0 


A study of the tests which were repeated several times with 
identical results, and which are summarized in the table above, 
reveals some very interesting facts. All three strains, which 
had shown a high virulence for mice, were readily phago- 
cytable in fresh normal human serum. These were the only 
strains met with, isolated during the acute stage of the disease, 
which were phagocytable at all (when isolated) in fresh 
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normal serum, and, at first sight, it would seem probable that 
they were to be regarded as exceptional cases, where a low 
virulence for man did not run parallel with the high virulence 
for laboratory animals. This view is supported by the fact 
that none of the three strains were phagocytable in fresh 
normal rabbit, or mouse serum. As regards the sputum 
trains the objection might be raised (improbable though it 


t 


ye, since the cultures on the plates were practically pure) that 
the colonies subcultured were accidental contaminations from 
the mouth, and did not represent the infecting strain. Such 
an objection cannot be raised to the blood culture isolation, 
which behaved identically like the other two. It seems highly 
iprobable, too, that a strain is to be regarded as avirulent 
for man, when it is isolated from the blood of a patient eriti- 
cally ill two or three days before death. This would seem to 
be the best available criterium of virulence for man. ‘There 
was no possibility of a change taking place in the culture 
ter isolation, since these results were obtained in tests on 
May 30, after but one generation on artificial media. While 


exception is not sufficient to overthrow a rule, it sug- 


, 
J 


gests the advisability of using greater caution in regarding 
the virulence of a strain for man as always running inversely 
parallel with its phagocytability in human serum. 

While there was no conspicuons difference between the 
igoevtie activity of this patient’s serum and that of norma! 
S m when fresh, striking differences in their behavior ap- 
peared after inactivation. All three strains were quite resist- 
ant to phagoevtosis in inactive normal serum (heated at 


56° C.. or after standing one week on ice), and were likewise 


not affected by the heated serum of either patient at the 
eht of the disease. But the heated serum of the patient 


who recovered (W—), obtained at the crisis and (to a slightly 
less degree) also that obtained ten days after crisis, caused 


active phagocytosis of the homologous strain and also of the 


strains of P who probably had been infected directly 
by W—. It did not influence any of the other heterologous 
strains tested, in particular not that from C—, whose serum 

id caused phagocytosis of his own strain, but not of the 


Strains trom P or Ww—., 
‘r to test the parallelism of the phagocytic activ- 


ity and the protective power of the sera, the following series 


of mice were inoculated, using mixtures of serum and diluted 


] 
culture. 
1) ¢ ( Ss as A ss s Series (¢ 
N } Nx il Se l s« ! 8 W se ! 
« | Ss ¢ Sh S « Lived 
Ss ( ” hours Live 
8 Oh s Liv 
4 < ‘ H " $ %) hours cu 
i t Liv 
here was ellicient protection by W—’s serum obtained 
at crisis, for the strain P blood, but none by P—’s serum, 
. iw ; er 7 7 1 
obtained during the acute stage of the dlsease, three davs 
hoy 


‘e death. The protective power here ran parallel witl 
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Dose of Culture Series A. 


No. 4 Series B. W— Serum, 5-31. 
( Normal Serum. 
I O.002 CC. = || wee tere eeee + 24 hours. 
2 Geese Oh | = —«—s:_ waneresescer + 40 hours. 
3 0.00002 ec, a rte al + 24 hours 
4 ),.QO0002 ce. oo hours, 66 hours. 


Here again the lack of protective power of W—’s serum 
for the heterologous strain C—, parallels its inactivity in 
vitro. 


Dose of 


~ Culture Series A, _ Series B Series Cc. _Series D 
W Normal Serum. W Serum, 5-28. W Serum, 5-31. W—Ser., 6 
0.02 c¢ +. 40 hrs. cult. 4 + 40 hrs. cult. + Lived. Lived. 
1.002 ec + 45 hrs. + OOhrs. cult. + Lived, Lived. 
} Mi) ( hrs. cult. + + 4dayscult 6 days cult. 0. +46d’yseul.0 
$ 0.00002 ce. + 4days cult.+ -+ 4dayscult. + + 6davs cult. 0.' Lived. 
Pericardial 
hemorrhage) 
5 |),000002 ec. + 5 days cult.+ + 40hrs. cult. + Lived. +6d’vseul. 


There was very efficient protective power in the serum o! 
W— obtained at, and again ten days after the crisis, toward 
the homologous strain, whereas the serum three days befor 
the crisis was no more active than was normal serum. This is 
parallel with the phagocytic activity of the heated serum. 


To determine the parallelism of the phagocytic action of the 


sera in vivo and in vitro, studies were made of the sera of 
R— and of W 


tive power. Each of a series of mice were injected intraperi 


which had shown the most marked protec 


toneally with 0.2 ec. of the serum of R— obtained after lysis, 
and each of a control series with the same quantity of norma 
serum. Three hours later 0.02 cc. of culture R— was injected 
intraperitoneally in each mouse. Specimens of the exudate 
were removed at intervals with a capillary pipette, and stained 
with methylene blue. In the control animals receiving normal! 
serum there was unrestricted multiplication of the organisms, 
which remained exclusively extra-cellular, and after one and 
two hours were present in the exudate in enormous numbers. 
In the protected animals there was no such multiplication 
evident. (The total number of organisms introduced in this 
dose is relatively small, and one must search very carefull) 


to find any organisms.) After one-half, and one hour nearh 


all (though not quite all) the extra-cellular cocci had disap- 


peared from the exudate and scattered leucocytes were seen 
containing one or more pair of ingested cocci. These were 


more numerous (as shown by Ungermann™) in smears mad 


directly from the peritoneal surfaces. There was no evidence 
of extra-cellular lysis. 

More definite pictures were obtained by the use of W- 
serum and culture. All the mice were prepared by injecting 


1 ce. of sterile broth intraperitoneally 24 hours before the 


test. Mixtures were prepared, each containing 0.2 ec. of 
patient’s serum and 0.2 ec. of a broth culture of the pneumo- 
coccus W—, and were injected into the peritoneal cavity of 
a series of mice, a second series receiv:ng the same quantities 
of broth culture and normal serum. Specimens were re- 


n minute intervals. 


moved with a capillary pipette at fift 
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\fter fifteen minutes in the normal serum controls the 


cudate contained many diplococci, all extra-cellular, and 
ere was no evidence of phagocytosis. After one hour these 
d increased greatly in number. In the protected (postcritical 
rum) animals, even after fifteen minutes, the great majority 
the extra-cellular organisms had disappeared, though a 
scattered ones could be found until after the lapse of an 
fter fifteen minutes a considerable number of cocci 

ound inside the leucocytes, though the number found 
After 
half hour there were about the same number of in- 


not seem to account for all that had disappeared. 
ted cocci to be seen. After one hour but few were left, 

mn smears made directly from the peritoneal surfaces, 
s (disappearance, in large part at least, is due to intra- 


ilar digestion. Even after fifteen minutes some of the 


sted cocci stain poorly, and show evidences of solution. 
same process is seen when the serum mixtures are in- 
into untreated mice, except that it takes place more 
There was no evidence of extra-cellular lysis. 

In all of the four sera examined the activity was retained 
eating one-half hour at 56° C. In some cases it was 
mewhat reduced. If the heating was prolonged, or if it 
! 1 exceeded 56° C.. the activity was destroyed. It per- 
sisted for several weeks in serum stored on ice, but gradually 


ened, and finally disappeared. Except in one case dilu- 


n with salt solution destroved its activity. The activity 
d never be increased or restored by adding fresh normal 
m. The substances are, therefore, tropines, rather than 

nmune opsonines. They are removed from the serum by 
stion with the organism on which they act. 

(he strict limitation of the activity of each serum to the 
mologous strain is surprising, in view of the findings of 

eld and of Cole, that most strains can be classified in a 


nhuinver OL groups. 


The explanation probably is that 
strain differs to a certain extent from all, or most, other 
ins in its serum reactions. A serum as feeble as are the 
ent’s sera, can show activity only under most favorable 
mditions: t. e., when tested with the homologous strain of 
imomoccus. But a more potent immune serum, even 
eh univalent, might act about equally on all those strains 
10st closely related to the one used in producing the immune 
im. The slight differences between the strains would thus 
scured and they would all fall apparently into a single 
i 


up. Neufeld’s work‘ indicates that tl 


is grouping <¢ 
ns of pneumococci is not absolute, but that a very potent 
alent serum while largely limited in its action to members 


le corresponding group, may exert a certain amount of 


erlapping ” activity on members of other groups. It is 


iteresting that none of the last three active sera tested 
wed any action on Neufeld’s strain PnI, kindly furnished 
Dr. Dochez as a typical example of the commonest group. 
Of the sixteen cases, one has been omitted from the sum- 
vecause it was tested only with an heterologous steck 
ture. A second one was also omitted because the strain 


} 


ated was so feebly virulent for mice that no definite con- 


clusions as to the protective power of the corresponding serum 
could be drawn. 

The results of these experiments may be summarized as 
follows: 

Of twelve cases, in which satisfactory protection tests were 
carried out with the sera of patients after crisis, or lysis, using 
the homologous strain of pneumococcus, nine had sera which 
showed definite protective power for mice as compared with 
normal serum. The sera of three gave negative results; in 
these three cases but one specimen of serum was tested. 

In two of the cases, the serum of which showed protective 
power after the crisis, specimens of serum obtained during the 
acute stage of the disease showed no such power. Further in 
two other cases, one fatal, in which the serum was examined 
only during the acute stage, no protection was manifested. 

Three sera, which protected mice from the homologous 
strain, were also tested with an heterologous strain, and showed 
no protective power toward that strain. 

Occasionally protective power cannot be demonstrated unless 
the serum is tested at frequent intervals during convalescence. 

With but two exceptions, all the strains isolated were not 
phagocytable in fresh normal human serum, and were pre- 
sumably virulent for man. The other two strains, which 
seemed identical with one another in every respect, were 
highly virulent for mice. As one was cultivated from the 
blood of a patient a few days before death, it seems most 
reasonable to regard it as also virulent for man, in spite of 
its phagocytability In normal human serum. This suggests 
the advisability of greater caution in assuming that the viru- 
lence of an organism for man is always parallel with its resist- 
ance to phagocytosis in the test tube. 


Of eleven cases in which the 


phagocytic activity of the 
serum after crisis, or lysis, was tested in vitro, six showed 
definite activity. In five, negative results were obtained. In 
some of these, at least, positive results would probably have 
heen obtained had suitable variations in technic been em- 
ploved. 

This activity has a significance which is quite different 
from that of a rise in opsonic index, which has often been 
described, but is qualitatively comparable with the activity of 
potent immune serum, in that it brings about active phagocy- 
losis of a virulent pneumococe us, not phagor ytable in normal 
human serum. 

In two of these cases serum examined before the crisis 
showed no such activity. The serum of a fatal case was also 
inactive. 


This phagoeytie activity, with one exception was strictly 


limited to the homologous strain, derived from the patient 
whose serum was being tested. 

The active substances in the serum are bacteriotropines, in 
the sense of Neufeld, since they resist heating at 56° C., and 
persist in the serum in vitro, fora considerable period. 

In both of two eases tested, phagocytosis in the peritoneum 
of the mouse closely paralleled phagocytosis in the test tube. 


Intracellular digestion of the cocci, as shown by changes in 


staining reaction, was marked in both cases. 
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The phagocytic activity of the serum ran closely parallel 
with its protective power for mice, both in incidence, in time 
of appearance, and in strict specificity as to the strain of 
affected. It, 
conclude that the protective action of the serum depends on, 


pneumococcus therefore, seems justifiable to 
and is due directly to, its power of promoting phagocytosis. 

\ much 
constancy of the process demonstrated before drawing final 
But the fact that 


cases must be studied and the 


larger number of 


conclusions as to the réle it plays in man. 


such definite phagoeytie activity can be shown to develop at 
(or lysis) in at least a considerable proportion of 


the crisis 
vases, and that this activity is directed against, and largely 


limited to, the one virulent strain infecting the patient, 


makes it seem probable that this factor plays an important 


part in bringing about recovery in man. 

In conelusion, I wish to express my thanks to Dr. Lewellys 
F. Barker for permission to study and report these cases, and 
also Dr. R. H. Major, Dr. T. P. Sprunt, and especially Dr. 


Luetscher for suggestions and assistance in carrying 


g.. Be 
out the work, 
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LECTURES ON THE HERTER FOUNDATION. 


By Groror H. F. Nurratt, M. D., Pu. D., Se. D., F. R.S., 


Formerly Associate in Hygiene, Johns Hopkins University; Fellow of Magdalene College; 


Quic k Professor of 


Biology in the University of Cambridge. 


Lecture III.’ 


(With 22 text-figures.) 


PIROPLASMOSIS. 


The diseases included under the general term of piroplas- 
sis are amongst the most devastating which affect domes- 
ticated animals, and they are, consequently, of great economic 
importance. As far as known, all forms of piroplasmosis are 


tick-transmitted. 


DISEASES DUE TO PrropLASMA (= BABESIA). 


Strictly interpreted, the term “ piroplasmosis” applies to 
diseases caused by intracorpuscular parasites belonging to the 


Babesia*), which possess certain defi- 


genus Piroplasma ( 
nite characters, produce definite symptoms, and are com- 
municable by blood inoculation. 

The striking features which characterize Piroplasma are 
the following: On examining the infected blood corpuscles 
and enumerating them in accordance with the types of 
parasites they contain it will be found that 30 to 40 per cent 
contain two piriform parasites joined at their tapering ez- 
tremities—this appearance is characteristic of what I regard 


s the genus Pirolasma, of which the species canis, caballi, 


a 


x bigeminum, and divergens may be taken as 


vis, bovis 
examples. Of the remaining infected corpuscles about 50-70 
per cent contain single parasites of varying form, whilst a 
‘ew (anywhere from 0.5 to 11 per cent) show characteristic 
dividing forms, whose significance I pointed out some years 
ago with Graham-Smith. Piroplasma canis and P. mithect 
differ slightly from other piroplasms in that some infected 
corpuscles (about 1-4 per cent) contain more than two para- 
sites (t. e., 4-16), although in P. bovis four parasites are 
occasionally found within a corpuscle. The usual mode of 
nultiplication of Piroplasma is shown in the accompanying 
figure (Fig. 1). 

True piroplasmosis occurs in cattle, sheep, horses and dogs 


in many parts of the world. The parasites which cause the 


sease in each of these species of mammals are specific in 


respect to their pathogenic action: for instance, the parasite 


Owing to this lecture not having been written until after it was 
delivered in the Medical Department of the Johns Hopkins Univer- 
sity, October 10, 1912, the author has taken the opportunity of 
idding a considerable amount of new matter and has somewhat 
altered the form of the lecture. 

Figures I, IV, VI, XI, XII, XX-XXII are reprinted from Parasit- 
ology, Vols. I-V; figures III and V are reprinted from Ticks. Part 
2; the remaining twelve figures (II, VII-X, XIII-XIX) have not 
hitherto been published. All except figure XI are by the author. 

*The generic name Babesia has priority, and is coming into 
general use, although the name Piroplasma is more usually em- 
ployed by American and British writers. 


which occurs in the dog i. cants ) 1s only capable of setting 
up the disease in the dog. Parasites having the morphological 
characters of Piroplasma have been discovered in the monkey 
and rat (P. pitheci, P. muris), but the symptoms they produce 
and their mode of transmission are unknown. 

In the domesticated animals above enumerated, the pres- 
ence of piroplasms in the blood is accompanied by a definite 
train of symptoms following upon the animals being attacked 
by pathogenic ticks. Usually about 8-10 days after the 
animals have been attacked by the ticks they show high fever, 
loss of appetite, haemoglobinuria, icterus, and a large number 
of the animals die in a few days, anywhere from 25-100 per 
cent succumbing to the infection. The hemoglobinuria is 
chiefly due to the destruction of the blood corpuscles by the 


} 


parasites, the haemoglobin being eliminated from the kidneys. 


The urine may appear lightly tinged with hewmoglobin or 


very dark, depending upon the intensity of the blood destrue- 
tion. In severe cases the number of corpuscles in the circulat- 
ing blood may be reduced to a third or less, the blood, con- 
sequently, appearing thin and watery. When animals “ re- 
cover” they do so slowly, and the parasites grow very scarce 
in the blood, so that they cannot, as a rule, be detected micro- 
scopically. 

The parasites persist in the blood of “ recovered ” animals 
for years after they have, to all outward appearances, resumed 
a healthy condition. “ Recovered ” or “salted ” animals are 
not susceptible to reinfection, and consequently possess en- 
hanced value in countries where piroplasmosis is endemic. 
The blood of “salted ” dogs and cattle has been found to he 
infective for three to eight years after the acute attack has 
subsided. In nature, piroplasmosis is only transmitted by 
ticks which have previously fed upon infected animals, either 


1 


in the acute stage of the disease or in the “ salted ” condition. 


It is owing to indigenous animals being “ salted” in regions 
where piroplasmosis is endemic that the ticks of the region 
continue to harbor the parasite and constitute a potential 
source of danger to freshly imported animals coming from 


places where the disease is absent. 


BOVINE PIROPLASMOSIS, 


Bovine piroplasmosis is due to at least two species of 
Piroplasma: P. bovis and P. diverqens. 
The latter parasife (Fig. 11), judging from specimens 
which have reached me hitherto, is confined to Europe and in 
nature is transmitted by Jaodes ricinus (Fig. III), the common 
European cattle tick. I have received specimens of P. diver- 
gens and I. ricinus from cattle suffering from “ redwater ” 
in Norway, Germany, Russia, Hungary, Great Britain, and 
Ireland, and I know that this form of redwater occurs in 
Finland, Sweden and France, where J. ricinus is prevalent. 


The transmission of the disease by means of larval stages of 
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Cycle 


(8) 
showing the usual mode 
of multiplication 
R of 
Piroplasma canis 





Fic. II1.—Piroplasma divergens: Progressive stages of development 
corresponding to those observed in P. bovis (q. v.); the parasite is, how- 
ever, much smaller than P. bovis, although occasionally fairly large 
piriforms (16) may be encountered. (Original, G. H. F. N. del.) 


in the circulating blood. 
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Fic. 1.—Piroplasma canis: (1) A free piriform parasite which has 
just left a blood corpuscle enters a norma! corpuscle and (2-4) assumes 
a rounded form, remaining quiescent for a time, after which it grows in 
size. It then becomes actively ameeboid (5, 6), and again becomes 
rounded (7). Two symmetrical processes (8-10) are then protruded, 
which rapidly enlarge at the expense of the body of the parasite. Each 
of these processes (11-13) gives rise to a mature piriform parasite, which 
remains attached to its fellow by a thin strand of protoplasm. The 


. . : : ° 9 
parasites next become separated (14) and, by active swimming move- " : 22 23 i 
ments, burst out of the corpuscle (15) whose hemoglobin escapes into Fic. 1V.—Piroplasma bovis, showing the same mode of multiplication 
the plasma. The free parasite immediately re-enters a fresh corpuscle. as P. canis; (21) a parasite dividing directly into four. (Nuttall and 
(Nuttall and Graham-Smith, 1907.) Graham-Smith, 1907.) 
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Fic. V.—Boophilus decoloratus ¢: Dorsum and venter. (Nuttall, 1909.) 
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‘icinus, the progeny of ticks collected from diseased cattle 
ring from piroplasmosis in Germany, England and Ire- 
|, has been demonstrated experimentally by Kossel and his 
eagues, by Stockman, and by me, respectively. Although 
symptoms due to P. divergens infection are similar to 
] se produced by P. bovis, the disease appears to be milder. 
\nimals which have “ recovered ” from P. divergens infection 
susceptible to infection with P. bovis. The parasites, more- 
show distinct morphological] differences which were 
enized by Kossel and others, although it is but recently 
/ t MacFadyean and Stockman gave P. divergens its distinc- 
name. 
e well-known Texas fever of the United States, generally 
yn as redwater or bovine hemoglobinuria in other parts 
e world, is due to P. bovis (Fig. 1V) and appears to be 
nsmitted in nature almost solely by Boophilus annulatus 


ts varieties, B. australis and B. decoloratus (Fig. V). 
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venter and dorsum. (Nuttall, 1908.) 


Fic. L11.—Irodes ricinus 2, 


Piroplasma bovis is widely distributed in warm countries and 


e tropies: it occurs in North and South America, Australia, 





\sia and Africa, and occasionally in Southern Europe. Red- 
has been repeatedly reproduced experimentally by 
means of larval Boophilus, the progeny of ticks which have 
ked the blood of animals suffering from redwater. This 
rm of piroplasmosis has been the cause of great financial 
sses, it having been estimated that in the United States 
ne the annual loss has amounted to forty million dollars. 


EQUINE PIROPLASMOSIS. 


Redwater, or “biliary fever,” in horses, as 1 have shown 
Strickland, is due to two parasites which are morpho- 
ically distinet: Nuttallia equi (Laveran), of which I shall 
ak presently, and Piroplasma caballi Nuttall (Fig. VI), 
the cause of true piroplasmosis in equines. When a horse “ re- 
vers ” from P. caballi infection it is still susceptible to V. 


equi infection. Piroplasma caballi occurs in Russia, Rou- 
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mania, in Transcaucasia, and apparently extends across 
Siberia. Dermacentor reticulatus has been shown by experi- 
ment to transmit the disease, and this tick is distributed over 
the geographical area mentioned, besides occurring in Western 
Europe, including Great Britain, where it is, however, rel- 
atively rare. Although I have received blood-films from 
horses suffering from biliary fever in other parts of the world, 


none of the films contained parasites similar to P. caballi. 


OVINE PIROPLASMOSIS. 


True piroplasmosis, due to P. ovis, has been observed in 
sheep in Italy, Turkey, Roumania and Transcaucasia. I have 
been informed that it has recently been discovered in Egypt.’ 
The recorded presence of ovine piroplasmosis in South Africa 
It has 
been demonstrated by experiment that Rhipicephalus bursa 


and North America is due to errors of observation. 


conveys the disease. The geographical distribution of this 
tick, judging from specimens which have reached me, appears 
to be limited chiefly to Southern Europe, the Islands in the 


Mediterranean, Transcaucasia, and North Africa, although 





Fig. VII.—Haemaphysa- 
lis leachi (Original, G. 
H. F. N. del.) 


Neumann states that it occurs both in East and West Africa 
as far as the Cape and also in the West Indies. I have only 


seen P. ovis in blood-films from Roumania and Italy. 


CANINE PIROPLASMOSIS. 


Two forms of piroplasmosis have been obse rved in dogs, 
the commoner and more widely distributed being due to P. 
canis. In India P. canis (Fig. 1) is transmitted by Rhipi- 
cephalus sanguineus, a tick which has accompanied the dog 
practically all over the world. ‘This tick is the probable vector 
of P. canis throughout Asia, Southern Europe and North 
Africa. HTaemaphysalis leachi (Figs. VII-X), on the other 


?On 17 January, 1913, Dr. S. T. Darling, Chief of the Department 
of Sanitation, Ancon, Panama, sent me a blood-film showing P. 
caballi, taken from a horse in Panama. The ticks he sent us for 
determination, and which were taken from the horse, were Derma- 
centor nitens and Amblyomma cajennense—it is probable that the 
former is the carrier, since it is usually found on horses. 

‘In blood-films received, 5 VI, 1913, from Mr, F. E. Mason, 
M. R. C. V. S. of Cairo, we were only able to detect a few small 
single intracorpuscular parasites, none of which were typical of 
true piroplasms. 
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hand, is the vector over the greater part of Africa from Cape 


Colony northwards. Attempts to infect the fox and jackal 


with the parasite have been attended by failure. 
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Fig. Vill.—Haemaphysalis Teachi 9. 
(Original, G. H. F. N. del.) 
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Fig. IX.—Haemaphysalis leachi (Original, 
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nymph. 
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larva. 


leachi 
(Original, G. H. F. N. del.) 


Fig. X.—Haemaphysalis 


On the other hand, another parasite (P. gibsoni Patton), 
which is somewhat different to P. canis morphologically, is 


stated to produce infection both in dogs and jackals in India. 


ws 
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CONCERNING THE TICKS WHICH TRANSMIT PIROPLASMA. 

As I have already stated, piroplasmosis is conveyed to cattle 
by Boophilus and Ivodes ricinus, to sheep by Rhipicephalus 
bursa, to dogs by Rhipicephalus sanguineus and Haemaphy- 
salis leachi, and to horses by Dermacentor reticulatus. <A 
number of other species of ticks may, no doubt, play a part 
as carriers, but the ones I have named are the chief vectors, 
and in each case they have been proved to transmit piroplas- 
mosis under experimental conditions. 

Since piroplasmosis only occurs in the presence of ticks, 
it is now generally recognized that to grapple with the problem 
of prevention a knowledge of their life habits is essential. At 
the time at my disposal I can only refer briefly to the subject. 
All Ixodid ticks lay eggs, whence they emerge as hexapod 
As soon as their chitinous exoskeleton has hardened 
After 
feeding they remain quiescent for a period, after which they 


larvee. 
suffeiently, the larva may feed upon a vertebrate host. 
moult and emerge as nymphs. These feed again, undergo 
metamorphosis, and finally emerge as adult males or females. 
a one-host tick, for it re- 
mains, as a rule, upon the host from the larval to the adult 


In the case of Boophilus we have 


In 
R. bursa we have a two-host tick, since it remains upon the 


stage, moulting twice whilst remaining upon the host. 


host during its larval and nymphal stages, moulting once upon 
the host; 
its metamorphosis upon the ground, and emerges as an adult, 


it abandons the host as a fully-fed nymph, undergoes 
which has to seek a second host. All of the remaining patho- 
genic species of ticks above enumerated are three-host ticks, 
for they drop from the host when replete, both in the larval 
and nymphal stages, to undergo their metamorphosis upon 
the ground; in other words, the larva, nymph and adult have 


each to seek a host. In all of the ticks here mentioned the 


sexes copulate upon the host, and the replete fertilized females 
drop to the ground, where they seek shelter and oviposit. The 
the species and individual. 


number of eggs laid varies with 


Taking average figures from my raising notes: 


Boophilus decoloratus lays............... 1200-4500 eggs 
Ry SORE EE cc cto dmaeewee wanes 2400-3200 eggs 


Rhipicephalus bursa lays ................ 


Rhipicephalus sanguineus lays......... ca 2000-3000 eggs 
Haemaphysalis leachi lays ...............2400-4800 eggs 


The rate of metamorphosis varies 
the the 


considerably according to 


temperature at which ticks are maintained. In 
Boophilus, the life-cycle is rapidly completed, because the tick 
is incubated upon the warm-blooded host throughout its para- 
sitie period, and it does not lose time in having to find a host 


after each ecdysis. In Boophilus, the cycle from egg to egg 


may last 120 days; in R. bursa it lasts somewhat longer; in 
I. ricinus it lasts 178 days, these being minimum periods ob- 
served under experimental conditions. 

BEHAVIOR 


OF PIROPLASMA IN TICKS. 


When a fertilized female tick has fed upon an infected 
animal the parasites she imbibes undergo development within 


her body. About the fourth or fifth day after the parasites 


have entered the tick’s gut there appear free, club-shaped 
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bodies, which move about with vermiform movements and are 


encountered in the gonads. Their further development is 
‘bscure, but in infective ticks both Christophers (Fig. XI) 
and Marzinowsky have found minute bodies, which may 
provisionally be called Sporozoites, in the salivary glands. 
In Boophilus and Ixodes the larvae, descended from infected 
parents, are infective. In JJ. leachi the larve and nymphs 
are not infective; the ticks, descended from an infected parent, 
nly infect the host when they have attained maturity (Louns- 
ury, Nuttall). 
the nymphs and adults are; when nymphs are fed on an 
With 
R. bursa (two-host tick) the larve are not infective, but the 
(Motas). I adults of H. 


fective after starving for seven months, and believe that ticks 


In R. sanquineus the larve are not infective, 


fected host the adult tick is infective (Christophers). 


idults are have found leachi in- 


harboring Piroplasma remain infective as long as they live. 
Unfed ticks may withstand prolonged starvation. I have 
seen unfed larve of J. ricinus still lively after 176 days starva- 


tio? 


; B. annulatus larve were lively after 251 days starvation ; 


Sporozoits in 
salivary glands 


In blood of 
© 


Sexual process 


; ED 
i fe) ; 
Formation of \ : \ 


club-shaped 
bodies 










In ovum 


In embryonic : 
or tissue cells 


tissue 


Fic. XI.—Piroplasma canis, showing the developmental cycle in 
Rhipicephalus sanguineus according to Christophers, 1912. 


R. bursa adults were lively after 343 days starvation. In 


this connection I only mention the longevity of stages which 
It is clear th 


may transmit piroplasmosis. at three-host ticks 


‘ the most difficult to eradicate by treating infested animals 
ith tick-destroying dips or by removing the hosts from in- 
fested pastures for prolonged periods of time with the ob- 
ject ol starving the ticks, 
DISEASES 


DUE TO NUTTALLIA, 


} 


The first parasite belonging to this genus to be discovered 


Was the one occurring in the horse to which Laveran (1901) 
gave the 


name of Piroplasma equt. As the morphology of 
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this parasite does not agree with that of a true Piroplasma, 
as defined by me, Franca (1909) placed it in another genus 
which he named Nuttallia. That he was justified in taking 
this step is clear from subsequent observations carried out 
upon the parasite by myself and Strickland in 1910-1912 
(Fig. XII), in the course of which we clearly differentiated 
it from P. caballi. 
Marzinowsky, of Moscow, Russia, | have been able to examine 


Through the courtesy of Professor E. J. 


blood-films showing so-called piroplasms in deer and reindeer, 
and I can also refer these to the genus Vuttallia. 

Nuttallia equi appears to be much more widely distributed 
than Ptroplasma caballi (q. vy.) ; it produces a similar disease 


with hemoglobinuria and jaundice, ete. 


>)  —" 
NA 10 


bs 
| ) hel 


, in Italy, Sardinia, in 





Cycle 


showing the usual mode 
of multiplication 
4 of 


Nuttallia equi 


in the circulating blood 





(*), 
O 


1 





minute oat- 
the parasite grows 


Entrance of 
(2-5) 


in size whilst continually but slowly altering its shape; (6) 


Fic. XIL.—Nuttallia equi: (1) 
shaped parasite into a corpuscle; 


larger parasite which is actively ameboid; (7-10) succes- 
sive stages of division of the chromatin; (11-15) process of 
division repeatedly observed in living parasites: the forma- 
tion and breaking-up of the cross-forms, the scattering of the 
daughter-cells within the corpuscle, and their escape from 
the corpuscle. (Nuttall and Strickland, 1912.) 


many parts of Africa, Transcaucasia, India, Southern Annam 
and Brazil, from all of which countries blood-films have been 
sent to me for examination by correspondents, 

Our experiments showed that a horse, after recovery from 
P. caballi infection, succumbed to the inoculation of NV. 


blood. 


servable in NV. 


equt 
Conjoined pairs of piriform parasites are never ob- 


equi infection; about 90 per cent of the in- 
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fected corpuscles contain single parasites of all shapes and 


sizes, many of them being much smaller than any true 
piroplasm, 2-5 per cent of the corpuscles contain 2 to 4 
parasites, and 1-5 per cent contain dividing, or “ cross-forms.” 
The accompanying diagram represents our conclusions as to 
the usual mode of multiplication of .V. equi in the circulating 
blood. We studied the parasite in the living condition s 
well as in stained films. 

Nuttalliosis resembles piroplasmosis in its symptomatology 
and pathology. I have a “salted” horse whose blood was 

rulent when last tested, a period of three years having 
elapsed since it was first infected. In Africa, as first shown 
yy Theiler, the parasite is transmitted by Rhineephalus 


evertsi.. This tick, when fed upon infected horses in its larval 


and nvmphal stages, is infective when adult. We do not 

KNOW What species of tick serves to « arr the parasites in other 
parts of the globe. 

East Coast FEvER oF CATTLE. 

This devastating disease, which appears to be confined to 

Africa, is ushered in by the onset of fever following upon an 
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13 14 15 17 18 
Fic. XII1.—Theileria parva: (1-12) stained intracorpuscular 
parasites; the figures arranged arbitrarily in a manner which 
would appear to indicate that they may divide into two or four 
parasites at a time, although division has not been observed to 


take place in living parasites; (13-18) Koch’s bodies, a series of 
stained parasites from a spleen smear, likewise arranged arbi- 
trarily in sequence to indicate their probable mode of development 
from uninellular bodies; (17 and 18) represent the breaking-up of 
the Koch’s body and the liberation of its component elements. 
The black denotes chromatin, the stippling denotes the blue- 
staining protoplasm (Giemsa stain). (Original, and from Nuttall 
and Fantham, 1910.) 


incubation period of 10-20 days after the cattle have been 
attacked by the ticks which convey the parasite. The fever 
continues usually for about 12 days, death taking place 18-34 
days after the ticks have attacked the host. The characteristic 
symptoms of redwater, hemoglobinuria, icterus and anemia 
are absent in East Coast Fever. The mortality may amount 
to 80-90 per cent. Cattle which are immune to redwater are 
susceptible to East Coast Fever. In marked contrast to what 


n redwater we find in East Coast Fever, as the 


is observed 


disease progresses, that there is no appreciable decrease in the 
number of red blood corpuscles present in the peripheral cir- 
culation. 


The cause of the disease, T’heileria parva (Fig. XIII), 
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differs in important respects from the parasites I have pre- 
viously mentioned, and the disease cannot be communicated by 
the inoculation of blood containing the parasite, even when 
large quantities—up to seven litres—are injected. 

Theileria parva is conveyed by Rhipicephalus appendicu- 
latus, R. simus, R. evertsi, R. nitens and RP. capensis, the first- 
named species of tick being the usual carrier. The parasites 
are not hereditarily transmitted in Rhipicephalus, but when 
taken up by the carrier at one stage of its development the 
tick is infective in the succeeding stage. When R. appendicu- 
latus (Figs. XIV-X VII), for instance, sucks Thetlerta-in 


fected blood as a larva the tick is infective as a nvmph, or, 


having sucked infected blood as a nymph, it is infective as an 


[ 
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Fic. XIV.—Rhipicephalus appendiculatus 
é. (Nuttall, 1913.) 


adult. 


blood for years after recovery, and “salted” animals are 


Whereas, in redwater the parasites persist in the 


capable of infecting ticks, the contrary holds for 7’. parva, i. e., 
when animals recover from East Coast Fever they are inca- 
pable of infecting the ticks. 

The parasites are at first present in small numbers, but 
5-6 per cent of the corpuscles being invaded. The number 
of parasites, as a rule, steadily increases until death, when 60- 
75 per cent of the corpuscles in the peripheral blood are found 
to be infected. We have never observed multiplication of the 
living parasites in corpuscles, but we have seen them in a 
few rare instances escape from the corpuscles into the plasma. 
The parasites move about actively within the corpuscles. 
Whilst the parasite is very pleomorphic, the commonest forms 
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seen in stained preparations are ovoid or rounded and comma- 
shaped or clubbed. A proportion of the parasites is bacilli- 
rm. The appearance of the chromatin in some parasites 
egests that multiplication may occur within the infected 
rpuscles, some of which contain up to eight distinct parasites. 

however, multiplication occurs within the corpuscles it 
ust take place very slowly or we should have observed it in 
e living parasite. It will be of interest to determine, if 
eileria multiplies in cultures as do malarial parasites and 


} 


) lasma cant. 


The results of our investigations forced me to the conclusion 
it the corpuscles merely serve as vehicles for the parasites, 
erein they are housed and maintained until they reach 


{wry 





Fie. XV.—Rhipicephalus appendiculatus 
9. (Nuttall, 1913.) 


ir destination within the tick, which serves as their vector. 
The seat of multiplication and invasion of corpuscles appeared 
me to lie in the internal organs, a view which subsequently 
received support from the investigations of Meyer, who com- 
unicated the disease by the intraperitoneal transplantation 
irge pieces of infected spleen. 
Another striking feature connected with these parasites is 
occurrence of “ Koch’s blue bodies ” in the internal organs 
nd occasionally in the peripheral blood. These bodies (Fig. 
XIII, 13-18) were first observed by Koch and to-day are 
msidered to be of prime diagnostic importance. They are 


termed “blue” because of their appearance in blood-films 


stained by any of the modifications of the Romanowsky 


method. When examined stained they usually appear rounded, 
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the blue-staining protoplasm containing discrete chromatin 
masses in varying numbers; at times they are seen to be 
breaking up, each mass of chromatin being accompanied or 
surrounded by blue-staining protoplasm. These bodies, which 
were regarded as developmental forms by Koch, have been 
made the subject of detailed study by Gonder, who states 
that he has seen them break up into their elements and scatter. 
They are encountered in the internal organs (lymphatic 


} 


glands, spleen, etc.) before they appear in the corpuscles of 
the peripheral circulation. In some cases of East Coast Fever 
the parasites do not appear in the corpuscles, whilst Koch’s 
bodies only are found in the internal organs. The bodies are 
found either free in the plasma or in cells—chiefly in 
lymphocytes—exceptionally in leucocytes. According to 
Gonder these bodies (which he terms “ agamonts”) undergo 
multiplication by schizogony, and I am inclined to agree with 
him. According to this view the parasites are first uninuclear ; 


they grow, and the* nucleus divides repeatedly until many 
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Fig. XVI.—Rhipicephalus ap- Fue. XVII.—Rhipicephalus 


pendiculatus nymph. (Nut- 
tall, 1913.) 


appendiculatus larva. (Nut- 
tall, 1913. 


small nuclei are formed, after which the minute parasites 
separate and scatter. It is presumably these small parasites 
which invade the corpuscles. The rest of the cycle of develop- 
ment, as outlined by Gonder, is so purely conjectural that we 
can afford to ignore it for the present. It is reasonable to 
assume, from what I have previously stated, that some of the 
intracorpuscular parasites are sexual forms of the parasites 
destined to undergo further development in ticks. That such 
a development occurs still remains to be determined, although 


Gonder believes that he has partially traced it. 


REMARKS UPON SOME OTHER PARASITES WHICILT APPEAR 
RELATED TO THE FOREGOING. 


In the foregoing instances we have dealt mainly with three 
distinct forms of intracorpuscular parasites whose mode of 
transmission, through the agency of ticks, has been demon- 
strated repeatedly by experiments conducted upon cattle, 


horses, sheep and dogs. All of these parasites have until 
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6 
7 * 
P XIX.—Nicollia quadrigemina (Nicolle, 1907): Different stages 


Fic. 
drawn from a ‘blood- film kindly lent by Professor C. Nicolle. (Original, 


G. H. F. N. del.) 
g ha 
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Fic. VI.—Piroplasma caballi, showing the same mode of eiieaaieaaiiae as \ 
P. canis, (Nuttall and Strickland,d912.) ‘ 
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Wey i iia TO 
XX.—Showing the effect of trypanblue treatment upon Piro- 


Fig. XX.- 
plasma canis in the peripheral blood of a dog; (1-4) normal types 


of parasites; (5-12) parasites from the same dog, showing progres- 
rees of degeneration in blood removed from the dog’s ear- 
(Nuttall, 1910.) 





(1) Single free parasite; 
progressive sive deg 
vein 6 hours after the injection of the drug. 


Fig. XVIII.—Rossiella rossi (Nuttall, 1910): 


(2-3) single uninucleate intracorpuscular parasites; (4-12) 
stages of division into four parasites. 
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Fiq. XXII. — chart showing the course of events in a trypanblue-treated cow. See description of Fig. 
XXI. (Treated Cow I. Nuttall and Hadwen, 1909.) 
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recently been grouped in the one genus, together with certain 
others to which I shall refer more briefly. It has long been 
evident to me that the genus Piroplasma, or Babesia, was be- 
ing regarded as a “hold-all” for parasites of very varied 
character, and it appears necessary to separate them more 
clearly. Dismissing, then, the three genera I have dealt with, 
viz., Piroplasma, Nuttallia and Theileria, we may consider the 


following: 


** PIROPLASMA MUTANS ” THETLER, 1907. 


This parasite occurs in cattle in South Africa and Mada- 
gascar; it is very minute, resembles Theileria parva micro- 
scopically but for the absence of Koch’s blue bodies, and is 
likewise transmitted by ticks. Contrary to Theileria, the 
parasite is, however, readily transmitted from animal to 
animal by blood inoculation, and is practically harmless in 
respect to pathogenic effects. The parasite is conveyed by 
Rhipicephalus simus, R. evertsi, and, rarely, by R. appendicu- 
latus. When animals are inoculated a long period of incuba- 
tion (60-115 days) elapses before the parasites appear in the 
blood. These data regarding P. mutans are based upon the 
confused accounts given by Theiler and a few statements made 
by Gonder. I have only studied the parasite in a few stained 
blood-films. It is clear that the parasite requires to be ade- 
quately studied before its position can be determined. 

I would refer briefly, moreover, to the following parasites 
which have been observed in different animals but regarding 
which we require more information: 

Rosstella rossi (Nuttall, 1910), found in the jackal (Canis 
adustus) in British East Africa. The parasite was referred 
provisionally by me to the genus Piroplasma, but subsequently 
to a separate genus (1912). The parasites (Fig. XVIII) are 
of large size, usually rounded, occurring singly, in pairs, and 
occasionally in fours. The nucleus of the parasite is very large 
and rounded when at rest. Multiplication occurs by direct 
division of the nuclei, two daughter parasites resulting, which 
may in turn subdivide in a similar manner. 

Nicollia quadrigemina (Nicolle, 1907), found in the gondi 
(Ctenodactylus gundi)—a rodent—in Tunisia by Nicolle, and 
referred by him to the genus Piroplasma; but it differs 
markedly from the members of this or any other genus, and a 
new genus was therefore founded for it by me in 1908. The 
parasites (Fig. XIX) are oval or piriform, are commonly 
grouped in fours, often in a fan-like manner, and show distinct 
binuclearity. 

I am not clear as to the position of a considerable number 
of parasites in different animals and which have been referred 
to the genera Piroplasma, Theileria, Achromaticus and Micro- 
soma by various authors. These parasites require further 
study before they can be definitely classed. 


TREATMENT AND PREVENTION. 


In concluding, I must mention the subjects of treatment 
and prevention. The only drug hitherto discovered which 
exerts an influence on some of the parasites I have described 


! 
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is trypanblue,’ a dye which is administered intravenously in 
preference to subcutaneously in 1-1.5 per cent aqueous solu- 
tion. A dose of 5-10 cc. is curative for dogs suffering from 
Piroplasma canis infection, and the drug is being used to-day 
in many parts of Africa where it was previously impossible to 
keep dogs. ‘Trypanblue exerts the same effect on cattle and 
horses suffering from P. bovis and P. caballi infection; it 
has proved of value in practice in the treatment of horses and, 
apparently, of cattle, the dose being 100-150 cc. of the 
solution. 

Trypanblue has no effect upon the parasites of East Coast 
Fever, and I have no satisfactory records of its having been 
tried upon the other parasites I have described. 

Under the influence of trypanblue (Fig. XX) Piroplasma 
rapidly degenerates and the parasites can no longer be dis- 
covered microscopically in the blood. The fever and hemoglo- 
binuria cease, and the animals recover from the other clinical 


(Compare Figs. XXI and 


manifestations of piroplasmosis. 
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Fic. XXI.—Chart showing the course of events 

in an untreated cow which died of redwater on the 

morning of the 9th day after inoculation with viru- 

lent blood. The presence of parasites (microscopic- 

ally) in the blood is indicated by + marks on days 

6-9: the intensity of the hemoglobinuria is indi- 

cated by the amount of horizontal shading above, 

whilst the vertical shading below indicates the 

percentage of P. bovis-infected corpuscles. (Con- 

trol Cow I. Nuttall and Hadwen, 1909.) 
XXII). The animals continue, however, to harbor the para- 
sites in their blood for years, as can be shown by inoculation 
into clean animals; in other words, the animals recover in 
the vast majority of cases from the acute disease, and, 
especially in dogs, are “ salted ” like the animals that recover 
in nature. Whereas untreated dogs usually die, the treated 
animals usually recover. 

I may note that the inoculation of cattle is commonly em- 
ployed with the object of obtaining “salted” animals, which 
are, naturally, more valuable than the “unsalted,” in that 
they resist reinfection when exposed in endemic areas. 

The efforts at prevention have been directed against the 


Nuttall & Hadwen (1909). 
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ticks which transmit the parasites and their transportation pastures leading to the starving out of the ticks (especial! 
from place to place by their hosts. They consist in the use of Boophilus) has been found of use. 
dips, most of which contain arsenic, in which the animals, The preventive measures have to be based upon a know! 
especially cattle, are immersed at intervals of a few days or edge of the life-histories of the ticks which transmit the para- 
a week or more. Where there are no forests to be endangered, sites, and where they have been feasible and have been carried 
the burning of the dry surface vegetation has been found of out intelligently they have been of great benefit, large tracts 
some use in destroying the ticks which infest the pasture lands, country in the United States, Australia and Africa having been 
and, finally, the removal of cattle for a period from infested rendered almost tick-free by these measures. 
ENTEROGENOUS MESENTERIC CYSTS. 
By Roserr T. Mitter, Jr., M. D., 
Surgeon to St. Francis Hosmtal, Pittsburgh, Pa. 
Until recent years the subject of mesenteric cysts has been cially so over the extremities. The facial expression is pinched 


notable chiefly for the obscurity surrounding it. There have and drawn and the legs and arms are moved but little and that 
c ' a weakly; the picture suggests exhaustion due to suffering of some 
been numerous contributions made within the past 13 vears, . te : ; a ‘ : 

: . duration. The stump of the umbilical cord is still present with a 


however 1] while > knowledge is stil , nrehensive , , : r : 
HON r, and while our knowledge is still not comprehensive, small drop of purulent discharge at its base. The abdomen is 
vet to-day we possess much more information concerning these symmetrical and not unusually distended. There is no visible 
curious tumors than is generally appreciated. The historical peristalsis. Palpation causes the child to ery constantly and is 


f ] unsatisfactory. Muscle spasm cannot be definitely recognized. No 


aspect of the subject was well presented by Moynihan’ in 1897 ! , 
; mass is palpated. The abdomen is generally tympanitic; there is 


In 1900 Dowd published a notable paper which merited the : ; . : : 
; pa] : no dullness in the flanks. On rectal examination the little finger 

wide recognition accorde ks thie estisia hes heen larcel : : . : 
= recognition accorded it; this article has been largely can be inserted its full length and encounters no obstruction or 
responsible for the active interest in the general subject shown mass. There is no blood or meconium on the examining finger. 
in the past 12 years, for it was an original contribution, and, Temperature: 97° F, per rectum. 
in addition, stimulated several investigators into deeidedly Diagnosis.—Intestinal obstruction, cause unknown. 

, . , - ; As a long ambulance trip was possibly accountable in part for 
productive efforts. Owing to the many different captions As 8 : ee ae re Apes i 

ee cy : nA. : ae the child’s poor cendition, active efforts to raise her body tempera- 
under which the subject 1s discussed, 1t 1s practically possible : , > : 

laa nd , 101s practically impossible ture were made during the preparation for the operation. 


to conclude a re \ if the liter: va) it} rts rt Pes : A a : - . a 
nclude a review of the literature with certaimty of com Operation.—Under chloroform anesthesia a right rectus incision 


| + . _ 1] " > y r « « r ‘ t ] 7 ; 

pleteness; 1t will suffice perhaps to say that with the help of was made. On opening the peritoneum there was seen both 
the Index Medicus and Hildebrandt* it has been possible to dilated and collapsed cyanotic loops of small bowel. Digital ex- 
study more than 100 papers appearing since 1900; the most ploration revealed in the right flank just below the level of the 


: : 1-1 i et ; : umbilicus a freely movable mass which was easily brought up into 
notable are those by Colmers,’ Terrier and Lecene,’ Lewis and “ER ae ' , 
: ’ the incision. This preved to be an intra-mesenteric tumor roughly 


Thung 7 eS } } : P 
Vv OS] am maue letarlec presentatio ( é : : _ ; . i rm - 
Phyng, Niosi’ and Bauer. A detailed presentation \ oval, about 4 cm. long in its greatest diameter, and quite firm; 
single case is of value, in view of the following facts concern- over the dome of the mass and in very close relation to it there 
ing mesenteric evysts, viz: there is wide differenee of opinion coursed a loop of small bowel, evidently about the level of the 
! : : ’ jel Thic lo mc flattene : , hi ‘ = 
as to their genesis: a positive diagnosis has probably never jejunum. This loop was flattened out into a thin and relatively 
} te 1 4) — wide band by the pressure of the subjacent tumor. There was a 
een made before operation or autopsy: and their surgical sig 


volvulus of the mass and affected sector of the bowel of rather more 


ean is most nivers ly onores en rary if 2: . - > ‘ " ‘ 
! l a l tC UNIV a iwnored, In a Ummary ¢ ») than 180 degrees in the direction of the hands of a clock, causing 
cases Colmers found a morta ity of 55 per cent, and yet our complete intestinal obstruction; the afferent bowel was greatly 
text-books aecord the condition very secant notice. dilated and the efferent bowel quite collapsed. After reduction of 
rl’ 1] , 1 1 . 2 Oo + VOlV ‘ ire ferentie are; , ‘essure Crosi rith ¢ 
Che following case was referred to the surgical elinie of St. the volvulus a circumferential area of pressure necrosis with a 


3 — : : x : minute perforation was found on that portion of the afferent loop 
Francis Hospital from the Department of Obstetries of the ; : ser 
which had been drawn into the volvulus; in a limited area about 


University of Pittsburgh, by Professor Charles Ziegler: the pressure ring the peritoneum was lusterless and in places there 
[Intestinal obstruction, due to a congenital enterogenous mesen- was a delicate deposit of fibrin. Cultures were taken from this 
teric cyst causing volvulus. Operation on the 4th day of life: re- area. The patient’s condition urgently demanded haste, but a 
section Death rapid enterostomy was not feasible since the obstruction was 
F. F. (No. 1493) female, 4 days old. Admitted September 28, evidently high in the jejunum and drainage of the bowel at this 
1912. Complaint: Vomiting and absolute constipation since birth. point would have resulted in prompt starvation of a very weak 
The patient is the last of thirteen children, all of whom, together patient. Immediate and permanant restoration of the centinuity 
with mother and father, are alive and well. Labor was neither of the bowel seemed, however, imperative and accordingly a typical 
prolonged nor difficult, no forceps being used. The baby has not resection and lateral anastomosis were hurridly made and the 
retained any nourishment since birth; she has vomited everything abdomen closed. The baby’s condition seemed about as good as 
taken, the vomitus being greenish-black in appearance. The bowels before operation. 
have not moved since birth. There has been no stain on the napkin. When put to the breast shortly after the operation the 


Examination.—The baby is evidently exceedingly ill. When un- , ‘ 14] ; 11. 
hy patient seemed too weak to nurse, and though she retained milk 
i e cries at intervals in a thin weak voice as though ae : ; : 
. . vere 2 2 . or » } “heine ar roe ,orew ore aliv »alrar 9} 
suffering paroxysms of pain. There is marked cyanosis of the face given with a medicine dropper, she grew gradually weaker ant 


. . M4 LJ ] . » 
and hands. The skin is dry and wrinkled everywhere, but espe- died five hours later. 
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From the autopsy notes it will suffice to abstract the fol- 


wing pertinent points: 


On opening the peritoneum it was seen to contain a considerable 
mount of clotted blood, which was present in all parts of the 
ibdominal cavity. No evidence of an inflammatory reaction on the 

ritoneum could be observed. The stomach was dilated by gas, 

was otherwise empty. The duodenum and upper part of the 
unum were markedly distended and dark in color. The disten- 
ion extended down to the point of anastomosis, viz.: about 10 cm. 
from the pylorus. The suture line in the bowel was intact, as the 
intestinal contents could not be squeezed out. Below this point 

. entire bowel was collapsed. The autopsy was quite negative 
iside from the above findings. B. coli grew in pure culture in the 
noculations made from the region about the perforation of the 
bowel. 

The tissue removed at operation proved of great interest. The 
pecimen consists of a loop of small bowel approximately 8 cm. in 

ngth, within whose mesentery there is a mass, roughly egg- 
haped, measuring 4 cm. in its long axis and 3 cm. in its transverse 
ixis. The mass lies between the mesenteric leaflets in close re’a- 
tion to the bowel, but projects much more upon one mesenteric 
spect than the other in such a manner as to cause the mesenteric 
leaflets to join in a line which runs diagonally across one lateral 
aspect of the mass, as shown in the illustration. Over the surface 

of the mass course many rather large vessels. For a distance of 
t.5 em. the bowel is greatly compressed by the subjacent mass 
being flattened out into a ribbon-like band 1.5 cm. across at its 
widest point. On the afferent loop at a distance of 1 cm. from the 
mass there is a necrotic area, which has divided the bowel com- 
pletely, with the exception of the peritoneum, in one-half of the 
circumference. The afferent loop is greatly dilated, measuring 
t cm. in diameter; the efferent loop is collapsed, measuring .6 cm. 
in diameter. The mass is regular in outline and its surface smooth; 
it is uniform in consistency, rather hard, but definitely fluctuant. 
n section it is seen to be a simple cyst, from which escapes a 
whitish mucoid fluid. The wall of the cyst varies in thickness 
from 1.2 mm. to 2.7 mm. The interior presents a smooth regular 


surface, grayish-white in color, and in places showing delicate 
parallel ridges running in a plane at right angles to the long axis 
of the cyst. That portion of the bowel which courses over the 
tightly distended cyst has been so stretched in width that its lumen 
is represented by a mere slit, crescentic in form; in this region the 
wall of the bowel and the wall of the cyst are blended into one 
structure which forms a partition between the two lumina. There 





is no communication between the bowel and the cyst. 

Sections cut from the cyst wall at various points show a very 
regular histological arrangement. The cyst is lined by a single 
ayer of epithelial cells resting upon a tissue layer analogous to 
submucosa; the next layer consists of smooth muscle whose in- 
ernal half is cut in cross sections and whose external half is cut 
ongitudinally. Beneath the peritoneum there is at places a layer 
consisting of many fine blood vessels held in a loose connective 
tissue stroma. 

The lining epithelium consists of a single layer of high columnar 
cells whose protoplasm stains fairly well and whose nuclei are 
arranged uniformly at the base of the cells. Over the major portion 
of the cyst wall these cells are set closely together and thrown up 
into well-developed villi which have a connective tissue stroma and 
contain uniformly a capillary vessel. The villi reach their maxi- 
mum size and freauency at a point on the cyst -wall quite distant 
from the bowel; as the bowel wall-is approached they gradually 
decrease in height and number and finally disappear, while the 
epithelial cells, markedly decreased in size, assume the low 
columnar type, which in turn changes to the cuboidal type just 
before the bowel wall is reached. Over that portion of the cyst 
wall subjacent to the lumen of the bowel the epithelium is quite 
fiaitened out. An occasional goblet cell is encountered. No 
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ciliated cells are seen. Nasse® reports almost the same epithelial 
arrangement in an enterogenous mesenteric cyst excised on the 
6th day of life under circumstances quite similar to those in my 
case. 

Beneath the epithelium is a layer of loosely arranged connective 
tissue stroma enclosing blood vessels and numerous gland-like 
structures whose tubules are lined by epithelium quite similar to 
that on the surface. This layer, which resembles the submucosa, is 
well marked in the region where the villi are best developed, but 
gradually thins out as the bowel wall is approached; directly 
subjacent to the lumen of the bowel this layer is represented 
merely by a few connective tissue fibers. Throughout the entire 
cyst wall the two muscle layers are well developed and sharply 
differentiated, the one always being arranged at right angles to the 
other. As the bowel is approached the inner layer splits into two 
portions which ensheathe the bowel and are continuous with its 
inner circular muscle layer. The external layer of muscle in the 
cyst wall remains intact and is directly continuous with the ex- 
ternal longitudinal muscle of the bowel, thus forming a muscular 
envelope common to them both. 

Apart from its structure as described above the bowel presents 
the usual appearance of the upper jejunum, viz.: numerous well- 
developed villi, with high columnar epithelium, and many goblet 
cells resting upon a typical submucosa. However, the structure 
alters as the cyst wall is approached; the villi disappear rather 
abruptly, and the high columnar changes to cuboidal epithelium, 
which lines perhaps one-fifth of the circumference of the lumen, 
and rests upon a submucosa almost devoid of secreting glands. 

With overdistension of the cyst its wall will give at the weakest 
point, viz.: that portion acting as a septum between the lumina of 
the bowel and the cyst, since here there are lacking the whole ex- 
ternal and one-half of the internal muscular layers of the cyst wall. 
Stretching of this septum accounts satisfactorily for the tissue 
changes occurring in both the cyst and the bowel at this point. 

To summarize: The specimen consists of an intra-mesenteric 
cyst whose wall is, in part, directly continuous with that of the 
jejunum and whose histological structure resembles closely that 
of the adjoining portion of the bowel. Its structure and arrange- 
ment point directly to an enterogenous origin by a process of 


sequestration during embryonic life. 


The genesis of mesenteric cysts was a very obscure subject 
until rather recent years. The ideas of the older pathologists 
were indefinite; such cysts were attributed variously to lymph 
stasis, with resultant dilatation of a lymphatic gland or vessel, 
and to cystic degeneration of a lipoma or of tuberculous glands. 
Dowd’s article in 1900 aroused renewed interest in this sub- 
ject, and recent work has resulted in a very considerable in- 
crease in our knowledge, though even now there is not a general 
agreement of opinion among the different investigators in this 
field. For instance, Dowd believes all mesenteric Cysts to be 
of embryonic origin, while Niosi, in an excellent paper, states 
his belief that about one-half of all mesenteric cysts are ac- 
quired and places the so-called lymphatic and chylous cysts in 
this group. Klemm,” on the other hand, finds the wall of 
lymphatic mesenteric cysts to be made up wholly of those 
cells which arise from the mesoderm, and argues that these 
cysts are neoplasms developing from misplaced or sequestrated 
portions of mesodermic tissue, and hence form a group of 
tumors of embryonic origin for which he proposes the name of 
mesodermoids by way of analogy to that group of tumors which 
are now called dermoids. Arguments based on cellular struec- 
ture must take into account the possibility of histological altera- 


tions in the wall-of a cyst, for such changes could readily 
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obscure the picture; inflammation can substitute scar tissue 
for any other tissue. Conclusions based upon the character of 
the cyst contents can hardly be considered final, for, as Dowd 
has suggested, the fluid that collects in a preformed cyst is 
probably a mere matter of chance, whether lymph, chyle or 
blood from a ruptured mural vessel. 

The to 1897 is perhaps best 
represented by Moynihan’s classification of 


state of our knowledge up 
mesenteric cysts 
2. chylous; 3, 


which appeared in that year, viz: 1, serous; 


hydatid ; 4, 
it noted that only one group in this list suggests an embryonic 


blood: 5, dermoid; 6, cystic malignant disease ; be 


origin. In 1900 Dowd successfully removed from the trans- 
verse mesocolon of an adult woman a cyst which closely re- 
sembled in detail a multilocular ovarian cystoma. The ovaries 
of this patient seemed normal on palpation. In presenting 
this case Dowd pointed out the close anatomical relationship 
existing in embryonic life between the Wolffian body or 
germinal epithelium and the root of the mesentery, and sug- 
gested the possibility of the sequestration from the germinal 
epithelium of a group of cells which might be displaced by the 
subsequent growth of the individual in such a way as to take uy 
an intramesenterie position; later on, perhaps during the 
adult life, such a sequestrum from the germinal epithelium 
might develop into a tumor similar to the one he removed. 
Going further, he suggests that small portions of the develop- 
ing gut may be similarly sequestrated, to lie perhaps between 
the leaves of the mesentery and later develop into a cyst. He 
suggests as a classification of mesenteric cysts the following, 
viz: 1, embryonic; 2, hydatid; and, 3, cystic malignant dis- 
ease. The emphasis he laid on the probable embryonic origin 
of a large number of mesenteric cysts represents a decided 
advance in our knowledge of this subject. Since Dowd’s paper 
this idea has been repeadly emphasized and elaborated; in a 
lengthy study, in 1907, Niosi presented what is probably our 
best working classification of mesenteric cysts of embryonic 
origin, Viz: 


1. Cysts of intestinal origin: 

(a) By sequestration from the bowel occuring during 
development. 

(b) From Meckel’s diverticulum when it arises from 
the concave side of the bowel [or acquires an 
intramesenteric position]. (The portion in 
brackets is added by the author. ) 

2. Dermoid cysts. 

3. Cysts arising from retroperitoneal organs; viz: urogenital 
organs (germinal epithelium, ovary, Wolffian 
body, Mullerian duct). 


The idea that a portion of an embryonic tissue or organ may 
become sequestrated and still continue to develop, though 
usually in an anomalous manner, is a familiar one. Bauer 
credits Verneuil and Remak with the first proposal of the idea, 
while quoting Ribbert’s “ expression of the theory as the best. 
A free rendering of this passage from Ribbert is perhaps not 
superfluous: “ Epithelial cysts may be formed not only as a 
result of trauma, but also by abnormal development; irregular 


growth may cause a change of position or a changed relation- 
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ship without actual change of position; or, again, epithelial 
structures which should coalesce fail to do so, or finally those 
which should decrease in size or disappear entirely retain their 
maximum dimensions. A group of epithelial ceils with its 
connective tissue support is rendered more or less independent 
in growth by either of these processes and thenceforth develops 
as a cyst whose lumen is constantly enlarged by the retention 
of its own secretion and desquamated epithelium, although 
this increase in size is usually extremely slow and scarcely 
noticeable.’ When suggesting this process to explain the 
enterogenous origin of certain mesenteric cysts, Dowd argued 
by analogy, instancing the comparative frequency with which 
atypical development results in an accessory thyroid, spleen, 
or pancreas. The actual process of sequestration from the 
developing gut was not observed until 1908, when there ap- 
peared a report from Lewis and Thyng in which they describe 
the “ regular occurrence of intestinal diverticula in embryos 
of the pig, rabbit and man.” Previous to this time Lewis had 
discovered a “ knob-like outpocketing of the intestinal epi- 
thelium a short distance beyond the pancreas” in a rabbit 
embryo, while Thyng had found a similar structure in a human 
embryo of 13.6 mm. and had interpreted it as an accessory 
pancreas. During further investigations, however, it was 
found that in the development of the small bowel of the em- 
bryos mentioned there always occurs a series of “ knob-like 
intestinal diverticula,” which appear earliest upon the proximal 
portion of the small bowel, together with the “ cystic and bile 
ducts.” In older embryos these structures were found in 
greater numbers on the distal portion of the small bowel ; none 
were found on the large bowel, but the authors considered 
their presence here quite possible in more advanced embryos. 
These diverticula consist of downgrowths of the intestinal 
epithelium which may terminate in the muscular coat of the 
bowel or may extend quite through the bowel wall to form 
knob-like projections. “They usually degenerate and dis- 
appear,” but sometimes their continuity with the intestinal 
epithelium is destroyed and they persist as minute epithelial 
eysts or solid nests of epithelial cells lying in the muscle, or 
upon or near the bowel. One drawing shows such a cyst lying 
in the mesentery and in contact with the muscle of the duo- 


Speaking in a later paper 


12 


denum in a pig embryo of 20 mm. 
of the occurrence of duodenal diverticula in the adult, Lewis 
suggests the possibility of their congenital origin, “ although 
apparently no case has yet been recorded at birth,” and, in 
discussing cysts, reference is again made to the embryonic 
mesenteric cyst just cited, with the suggestion that “it is 
possible that certain of the congenital intra-mesenteric cysts 
have a similar origin.” The occurrence of these diverticula 
and cysts is not limited to the mesenteric border; when oc- 
curring on the convex border they exhibit changes in shape 
and size which suggest an alteration due to the rapid growth 
of this portion of the bowel. It may be that this relatively 
rapid growth causes the much more frequent disappearance of 
those so situated than of those lying in the mesentery. 

Lewis and Thyng have thus established the fact that the 
formation of diverticula and cysts is a regular occurrence in 
the embryonic development of the gut. There can be scarcely 
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a doubt that such a cyst may occasionally persist to be recog- 
nized after birth as a “ mesenteric cyst.” The case which I 
have reported above seems certainly to belong to this group. 

While the findings of Lewis and Thyng account for a certain 
number of mesenteric cysts, there is general agreement among 
those who have studied this question that most juxta-intestinal 
cysts, even when intramesenteric in position, have their origin 
in the vitelline or omphalo-mesenteric duct or in Meckel’s 
diverticulum. By the end of the fourth week of fcetal life the 
connection between the mid-gut and the umbilical vesicle has 
narrowed down to a fine canal, the omphalo-mesenterie duct, 
which runs from the bowel to the region of the umbilicus. 
Normally this canal becomes obliterated at the beginning of 
the second foetal month; when it persists as a blind duet 
emptying into the bowel it is known as Meckel’s diverticulum. 
Meckel’s diverticulum is said by Colmers to occur in about 
2 per cent of all autopsies, but we do not know how frequently 
there may persist traces of the omphalo-mesenteric duct so 
small as to escape notice, and we are therefore unable to say 
just what proportion of individuals are born with a structure 
capable of developing by distension and growth into a juxta- 
intestinal cyst. The usual position of Meckel’s diverticulum 
is 43 inches above the ileo-ceecal valve, but it varies widely 
(11 to 120 inches) ; Lamb “ found it on the duodenum 7 times, 
on the jejunum 1+4 times, and on the ileum 160 times, where in 
91 cases it was less than 36 inches above the valve. Leichten- 
stern “ believes that when the growth of the oral half of the 
mid-gut is delayed or fails most of the small bowel must de- 
velop from the aboral half, thus placing the omphalo- 
mesenteric duct and Meckel’s diverticulum at a relatively high 
position on the small bowel, while an over-growth of the oral 
half of the mid-gut results in a relatively low position of the 
diverticulum ; this explanation may suffice possibly to account 
for the wide variation in its position. The convex side of the 
bowel is usually described as the normal situation for Meckel’s 
diverticulum, but it may simulate or possibly even occupy an 
intra-mesenteric situation. Roth “ states that the diverticulum 
is sometimes not situated exactly on the convexity, but more to 
one side, and suggests that when this variation is marked and 
the attachment approaches the mesenteric border the divertic- 
ulum might become blended with the mesentery and simulate 
an intra-mesenteric position. Hennig“ suggests that shrink- 
age of the mesentery of a laterally placed diverticulum might 
draw it down and into the mesentery. Colmers assumes that 
an intra-mesenteric position is possible, but offers no explana- 
tion, while Ruge is quoted by Bauer as regarding the concave 
side of the bowel as the normal situation for Meckel’s divertic- 
ulum, though no reason is given for this view. Fitz“ in- 
terpreted a case of double cecum as the persistence of an 
omphalo-mesenteric duct which arose low in the bowel and 
occupied an intra-mesenteric position. 

It is apparently established that Meckel’s diverticuium or 
persistent remnants of the omphalo-mesenteric duct may give 
rise to a mesenteric or juxta-intestinal cyst along practically 
the entire course of the small bowel, though such an occurrence 
must be exceeding rare in the extreme upper limits of the 
bowel. 
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A mesenteric cyst of either of these two types (Lewis and 
Thyng’s embryonic cysts and the omphalo-mesenteric duct) 
arises from the bowel whose structure it shares; such a cyst, 
when typical and unaltered by inflammation, presents certain 
features which are quite characteristic and easily recognized. 
The resemblance to the adjacent bowel may be little short of 
exact, in that there is found a mucosa with typical glands, 
goblet cells and ciliated cells, well-developed villi, a distinct 
submucosa, and two layers of smooth muscle placed at right 
angles to each other. 

The picture, however, is usually not so clear. The widest 
variations from the typical are found in the epithelial lining 
of such cysts. Frequently the formation of villi is incomplete, 
their presence being merely suggested by more or less faintly 
marked rugs or papillw, or the lining may consist of a smooth 
epithelial surface which in no way suggests villi; it quite often 
happens that a single specimen exhibits all variations, as in 
the case described above, where intra-cystic pressure with 
stretching of the wall seemed to offer the simplest explanation. 
Seereting glands may be present in typical arrangement or 
may be represented merely by a suggestive grouping of the 
epithelial cells. Rarely there is nothing even suggesting a 
gland. The type of epithelial cell also varies widely. Quite 
commonly the predominant cell is high columnar, with goblet 
cells occurring more or less frequently ; ciliated celis have also 
been found, but are not common. Kostlivy ” found a jejunal 
mesenteric cyst lined by a single layer of ciliated cells, and 
cites from the literature the occurrence of a similar epithelium 
in three other enterogenous cysts, but one of which was me- 
senteric, however. It is interesting to note that Roth, who, in 
1881, was the first to draw attention to enterogenous cysts, 
described one lined by ciliated epithelium. 

There sometimes occurs an epithelium which is quite 
atypical, if the expression may be allowed; thus among 15 
accurately described enterogenous cysts whose records I have 
studied there are two lined with stratified cuboidal, one with 
stratified ciliated, and nine with simple columnar epithelium, 
while three multilocular cysts, probably enterogenous in origin, 
are lined with a stratified epithelium. These variations from 
the type are readily explained by the embryological develop- 
ment of the gut. The stomach and small bowel both pass 
through an early stage when their epithelium is regularly 
stratified ; during this period there may be in the stomach 
three layers of epithelial cells, while the duodenum of embryos 
of “ 30 to 60 days is normally more or less completely obliter- 
ated ”* by epithelial proliferation. Kollman™ states that the 
epithelium of the developing gastro-intestinal tract undergoes 
a regular progression from simple cuboidal to simple cylindri- 
cal to stratified cylindrical, from which finally develops the 
permanent layer of simple cylindrical epithelium, which is 
ciliated in the respiratory tract. The conditions governing the 
growth of a group of epithelial cells sequestrated during embry- 
onic life would be quite anomalous; such a sequestrum might 
preserve the characteristics shown by its parent at the time of 
separation or might undergo retrograde changes or possibly 
might approximate a normal development. On these facts 
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at all, then we must seek farther for proof of an enter 


origin, As a rule, the ch 


iracter of the lining will 


this point. but there will inevitably be insta1 


will be unable to finally decide the question. 


The 


regional 
is apparently more or less distinctive. 


occurrence of 
Since 
been reported whose description is clear 


eysts have 
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ries fT 
1 

4 ti 

, 

al 

er 

m 

e 

ers 

Ol 
com 
ce 


Ct s 
t r 


determine 


ces In which we 


enterogenous mesenteric cysts 


1900 238 such 


enough to 


permit classification. Of these 28 cases, including my ease, 


1] 
al 
} 


in the mesojejunum, 9 in the 


have cecurred in the mesentery of the small bowel, 


probably in the mesoileum, since a | 


excited comment. The fact that all of these 


is striking; 


ated in the mesentery of the small bowel 


mie rely a coincidence, but, neve rtheless, 


and 


igher location would 


occurred in the mesentery of the small bowel, 7 occurred 


mesoileum, and 12 are said to 


hence 


1 
ave 


eysts were situ- 


it may be 


it is suggestive when 


compared with the fact that the embryonic intestinal divertic- 


ula described by Lewis and Thyng all 


b wel, 


Stengel * found 15 of 18 “ enteroid cysts ” 


to 


occurred on the sma 


1] 
L 


occur 


in the mesoileum and regards this position as characteristic. 
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In 22 cases the cyst was { multilocular, and 


2 cases there were multiple cysts: Deaver~ describes 
occurrence of a cluster of 4 cysts about the ileum, one be L 
within and « ne resting upon the mesentery, the arrangen 


of the four 


der Bogert 


being such as to produce partial obstruction. V. 


4 


deseri the occurrence of 13 cysts in the mes: 


ileum, 12 of these being of rather small size. The relat 

of a mesenteric cvst to the bowel varies. The eyst may 

ninge upon the bowel directly from behind, so to speak. co 
| 


pressing it from its mesenteric toward its free border; usua 
however, the evst presents largely upon one side of 


the m 


entery and ma quite at the side of 


bowel Not infrequently is my Case the cyst eXereises 
enoug! ‘ssure to cause a p il intestinal obstruct 
Enterogenous cysts occur with much less frequency along thi 
free edge of the bowel. In 2 of the above 28 cases the evst 
Was more or less pet lated During a hernia operat 
Broca ~ found the sae occupied by a non-adherent cyst whi 
had its origin in the mesentery of the small bowel; the evst was 
successfully enucleated and on examination its wall was four 
to contain smooth muscle. This case is apparently unique. 
Concerning the size of such eysts little need be said. It 
not infrequent to find a content of one or two liters or t 


|, but as a rule entero- 


evst compared in size to an adult hea 


venous Cysts Go not seem to attain great size anc 


are usua 


indefinitely deseribed as “ about the size of an egg.” 


Given two possible origins for enterogenous or enteroid or 


juxta-intestinal cysts, as they are variously styled, it would be 
ot @reat interest to determine In each 


ease whether the eyst 


represented cess of sequestration from the bowel, as 


deseribed Lewis and Thyng, or whether it developed from 
Meckel’s d ticulum or the persistent remains of the omphalo- 
mesenteric duct. Manifestly this problem presents many 


and is often wholly There are certain 


| Ne 


rticula and cysts described by Lewis and Thyn 


difficulties impossible. 
] 1 “Ss . 
genera eatures, nowever, which may be 


pointed out. 


intestinal 


in the upper bowel about 


make their first appearance regulart\ 


the duodenum and and, while the position of the 


jejunum, 


vitelline duct and Meckel’s diverticulum varies widely, vet 
its occurrence in the jejunum or duodenum is exceptional. It 
follows therefore that a situ: 


argues for an origin by sequestration. 


ition along the extreme upper bowel 


The process of sequestration occurs regularly at multiple 


points about the entire circumference of the bowel, while 


Po Ai ] . . 
Meckel’s diverticulum is a single 


structure. Multiple or multi- 
locular cysts therefore suggest a sequestration origin, although 
it is obvious that by a process of subdivision a persistent 
vitelline duct might give rise to more than one cyst. Too much 
importance must not be attached to an intra-mesenteric posi- 
tion of the cyst, since it appears not at all unlikely that this 
position may be occupied frequently by Meckel’s diverticulum. 
Bauer has pointed out that sequestration cysts are much older, 
genetically speaking, than those arising from the vitelline duct ; 
this being the case, we would naturally find atypical variations 


] 


in cell structure, notably of the epithelium, more generally 


present in cysts of the former type. A remarkable case re- 


ported by Ahrens * illustrates this point very well. There was 
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d from a retroperitoneal position on the right side a 


er cyst, which resembled grossly an hour-glass stomach, 
26 em. of adjoining bowel. Histologica j the cyst wall 
the typical structure of stomach and bowel from 
s membrane outward, except that the epithelium con- 


iriously of stratified and simple cubical, stratified 
s. The fluid contained in 


and digested es 


] 1] 
| 


.. 5 oe > ] 
igh columnar and flat cel 


st was weakly acid albumen on the 
n of HCl. There were multiple ulcers in the pseudo- 


J. W. Hall 


noint. All three cases are probabl. seque stration cysts. 


“also report cases bearing 


“and Roegner 


e secondary path« log al processes iffec ting entero- 
s evsts it is interesting to note that both Bauer and 
all attention to the occurrence of tubereulous ulcers 


yst wall as well as of adenoma, carcinoma and spindle 

ma. Suppuration rarely occurs in true cysts, though 

frequent in diverticula, structures whose genesis 

e similar to that of the cysts and which may be readily 

ed. with C) Sts. 

et that a cyst of the mesentery has never been pos 
nosed before operation or autopsy Is conciusive e\ 

it distinctive si 


ns and symptoms do not exist or have 


recognition. In considering enterogenous mesenteric 


mav conveniently recognize two clinical divisions; the 


roup, about 50 per cent of the cases, includes those 


which are fatal unless given 


acute complications 


surgical treatment, and the second group those whos 
ns are never urgent. This division is suggested be- 


] 


testinal obstruction: 


ea rather large number suffer acute int 
th such symptoms many mesenteric cysts have been 
e findings during operation or autopsy. In this group 


venous cysts appear in numbers disproportionately great 
ared to other cysts of the mesentery; thus in 17 cases 
] 


rogenous evsts with full histories we find acute obstruc- 


8 times or in about 50 per cent of the cases and usually 


life. Among 24 enterogenous cysts (including the 
17) 13 gave symptoms leading to surgical interference 


¢ the first ten years of life. Of these 13 cases 3 occurred 
irst year, 3 in the third to fifth years, and 7 in the fift 

years. My case was operated upon on the fourth day 

. Nasse reports operation on the sixth day. These are 
cases I find showing intestinal obstruction immediately 


rth. Complete intestinal obstruction is usually due to 


us. The explanation of this fact is not far to seek. 
Enterogenous cysts are commonly situated close to the bowel 


not infrequently partially occlude its lumen; above the 
of obstruction there results a compensatory hypertrophy 


e muscle and exaggerated peristalsis. 


{ 


The size of the cyst 
s generally not extreme, being frequently compared to a hen’s 


ose s eg 


oC 


but it is filled with fluid and is relatively heavy; 


/ 


we may roughly compare the cyst and adjacent sector o 
to a suspended weight which is peculiarly liable to 


sion, the power necessary to cause such torsion being sup- 


in part by the exaggerated peristalsis above the cyst. 
\mong 35 cases of enterogenous cysts of the bowel or mesentery 


h Colmers collected, 19 required surgical treatment; 8 


l¢ 


ich were not operated upon died with symptoms of intestinal 
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obstruction or peritonitis, and of eleven operative cases 4 died, 





giving a grouped mortality of 12 cases or 35 per cent. He 
records the fact that in no case was a correct diagnosis made 
before operation. It thus appears that about one-half of all 
enterogenous mesenteric cysts cause acute intestinal obstrue 
tion, generally a volvulus, and that this calamity frequently 


occurs during the first decade. 


There is evident a striking 
similarity to intussusception in symptomatology, years of in 
cidence, and obscurity of diagnosis, which urges caution in 
too “conservatively ” withholding operation from a case of 


ileus in early life in the hope that a supposed intussusception 


will be reduced. 

The remaining half of the eases, the latent cases, are not uni 
form in either symptoms or signs. There is frequent oted a 
sense of abdominal fulness, pressure or dragging: there is 


often a visible tumor or abdominal enlargement. 
pain is quite common, but of no characteristic tvpe. In only 
one instance was it associated: with diarrhoea. Many cases in 


this group, perhaps most of them, give a history of mild re 
current attacks of partial testinal obstruction. 
The physical signs of a mesenteric ¢ 


| 
but are not pathognomonic. The typical case shows a freely 


st may be very definite, 


movable, globular, fluctulant mass, varving in size up to that of 
the adult head, situated in any one of the four quadrants of the 
abdomen, and capable of being manipulated through a ry 
wide range of motion. This last point is usually emphasize 

it is sometimes possible to move such a tumor over the entire 
abdomen. ‘These are simply the signs of any pedunculated 
eyst within the abdomen and are found in certain patho- 
logical conditions of the ovary, gall-bladder and kidney as well 


In an instance, observed by the writer, a congenital occlusion 


( f the ureter had conve rted the kidney into a large eyst, whieh 
answered rather accurately to the signs just enumerated. On 
percussion of a typical cyst one may find an area of flatness 
surrounded by a zone of tympany, a sign which is frequently 
referred to as important; judging from the records, however, 
eature. As a matter of fact, 
1; 


this is by no means a constant 
a perusal of the reported cases discloses so great a ¢ 


between the signs actually observed and the so-called “ 


signs that one suspects imagination of having played a large 
part in the declaration of the latter. The fact that a correct 
diagnosis seems never to have been made needs no comment. 
A history and physical signs which conform in a general way 
to those which have been briefly presented above may suggest 
a mesenteric cyst very strongly, but an absolute 


before operation or autopsy cannot be made. 


lagnosis 


The treatment of enterogenous mesenteric cysts may be 
covered in a few words. In the group of acute cases one is 
dealing always with intestinal obstruction or peritonitis and 
the therapy must be directed toward these conditions pri- 
marily ; the operation is an emergency. In the second group, 
viz: the latent cases, the operation is an elective one and 
choice is to be made between drainage, enucleation and re- 
section. Drainage is attended by a very low primary mortality, 
but is apt to result in a persistent sinus, which will ultimately 
require excision and, hence, is not altogether desirable. With 


out differentiating the type of cyst dealt with, Coley * has 





estimated the mortality following drainage at 6 per cent ; this 
probably includes some deaths due to complications and seems 
a very high rate. Enucleation was done 10 times without a 
death in 16 cases of my series. This is undoubtedly the pro- 
cedure of choice when it is feasible, but conditions may render 
it impracticable. The cyst may be part and parcel of the in- 
testinal wall, as in’ my case, where it would have been im- 
possible to enucleate without opening the gut. Enucleation 
of a cyst or multiple cysts may do irreparable damage to the 
circulation of the bowel, enforcing resection. Dense adhesions 
may render enucleation impossible without tearing the bowel. 
The cyst may occupy an intra-intestinal position, as in several 
reported cases, near the ileo-ceecal valve and even be drawn into 
the cecum, simulating an intussusception; in such circum- 
stances the bowel must be opened to expose the cyst. These 
conditions among others may compel resection. In 5 cases of 
resection in my series there were 3 deaths, a mortality of 60 
per cent. So high a mortality is due partly to the serious con- 
dition of most of these patients, of which my case is an excellent 
example, but the figures serve in a general way to emphasize 
the relative safety of enucleation of the cyst as compared to 
resection of the bowel. Undoubtedly the best treatment is 
enucleation when it can be done without seriously injuring or 
opening the bowel. 

The author is greatly indebted to Miss M. E. Bothwell for 
the illustrations. 
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SALVARSAN IN PERNICIOUS ANEMIA, 
By Tuomas R. Boces, M. D., 
Associate Professor of Medicine in The Johns Hopkins University; Physician-in-Chief the City Hospiial at 
Bay View, Baltimore. 


The scattered reports on the use of salvarsan in pernicious 
anzmia which have appeared in the last three years are con- 
flicting and unsatisfactory. In many instances the observa- 
tion was confined to a single case and the salvarsan was only 


‘Read at a meeting of the American Society for the Advance- 
ment of Clinical Investigation, Washington, D. C., May 5, 1913. 


an accessory to the other standard therapeutic methods. As 
there has been repeated warning expressed in the literature 
against the use of salvarsan in this disease, it seems worth 
while to give a brief review of our own experience and some 
from the literature. 

Bramwell’s series of seven cases is an important contribu- 











OcroBer, 1913.] 

n. With “cure” or favorable results in four cases, it is 
the most notable of the arguments for the use of salvarsan. 
’s five cases with unfavorable results are not nearly so 
structive, as four of the cases were admittedly moribund 


lrug was tried. The other case did seem to be in- 


the two injections given. 
refractory to Fowler’s solution, was 


anders Case, 


restored after two doses of salvarsan, followed by 


[Through the courtesy of Professors Barker and Thayer, the 
as looked over the records of seven cases of pernicious 

ia, treated in part with salvarsan, at The Johns Hop- 

s Hospital. Of these, one received 0.3 gm. and died 48 
s later from pre-existing myocardial degeneration, with- 


blood count. 
Another 
is d 18 days after admission, receiving one dose of 0.2 


ivs before death. 


reaction or any material change in the 


was considered moribund on admission. 


There was no considerable reaction 


rop in the blood count of more than 200,000 cells. 


[he remaining five showed improvement with initial drop in 

( od count, never more than 200,000. As these cases 
also received sodium cacodylate or Fowler’s solution, they are 
of e only as showing that the drug may be given to such 


patients without serious risk. 
In ‘own experience at the Baltimore City Hospital we 


have had four cases, all of whom showed favorable reaction 
to the salvarsan in the regeneration of the blood and relief of 


mptoms. One was a most remarkable apparent cure of 


fifth relapse, who was quite unresponsive to 


Fowler’s solution and only showed a very slight regeneration 


after a long period (four months) of sodium cacodylate injec- 
tions. Under intravenous administration of salvarsan, in 
doses of 0.3 gm. every four weeks, he showed a steady rise in 
blood count. The red cells, in sixteen weeks, rose from 500,- 
000 to 5.000.000, the hemoglobin from 23 per cent to 90 per 
cent, and the patient was well except for the mild degenerative 
changes in the spinal cord. He worked in the hospital for 
six months, as elevator man, and then left for outside employ- 


1 


ment and has been lost sight of. During the treatment the 


patient contracted tertian malaria and his blood count fell, 
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but rose again after quinine and the next dose of salvarsan. 


This patient had no history of syphilis, and also had a nega- 
tive Wassermann reaction in serum and spinal fluid before 
anv salvarsan was given. 

(nother case of pernicious anemia, in which the nervous 


symptoms preceded the change in the blood picture by some 


1 


months, was very responsive to salvarsan, his blood going from 


1,100,000 to 3,400,000 red cells in twenty days after the first 
dose of 0.3 om. intravenously, eventually reaching 4,800,000 
with 85 per cent hemoglobin. This patient gave no history 


of syphilis and Wassermann reactions i 


1 serum and spinal 


fluid were quite negative. 


} 


In this ease the patient seemed unable to sustain the higher 


level of blood formation and relapsed rather quickly, only to 


rise to approximately normal count again after two more 


doses. The 1\owever, was never free from the 


blood picture. 


qualitative changes of pernicious anemia. After several rallies 
of this kind, covering a twelve-month, in which the subjective 


state was but little altered, the patient died of an intercurrent 
Autopsy: typi 


anemia, with funicular degeneration in the cord 


bronchopneumonia. pical changes of pernicious 


The other two cases, both negative for syphilis, received 
but one injection each, and were greatly improved, with an 
average rise of 2,000,000 red cells when they left the hospital. 

In our own cases and those from The Johns Hopkins Hos- 
pital there was, as a rule, a rather sharp febrile reaction, last- 
ing six to twelve hours after each injection, in contrast to the 
very mild, or absent, reaction in syphilitics. All precautions 
were taken with regard to technic, wasserfehler and size of 
dose. 

The results to date would certainly justify the further use 
of salvarsan in pernicious anzemia with special attention paid: 
(a) to the question of syphilis in the patient; (b) to the 
influence of salvarsan when given alone; (c) to the effect on 


arsenic refractory cases; and (d) permanency of the. results. 
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ETIOLOGY OF ARTERIOSCLEROSIS.* 


By CHANNING FrotutnenAm, JR., M. D., Boston, Mass. 


Many different conceptions as to the nature of arterio- 
sclerosis exist in the medical literature. ‘To review them 
would be interesting, but outside the scope of this paper. In 
the chapter on diseases of the blood vessels, in his book which 
is about to be published, Dr. Mallory says: (rteriosclerosis 
is the term applied to the more or-less chronic lesions of the 

rta and arteries or to the end products of these lesions. It 
is the end result of various toxic, nutritional, and infectious 
lesions involving the arterial 


system. It corresponds to 


sclerosis of the liver, kidney, and other organs. It is usually 


*Read at a meeting of The Johns Hopkins Hospital Medical 
Society, May 5, 1913. 


of toxie origin, but may be the result of infection (syphilis). 
The two forms may be and often are combined. Disturbances 
of nutrition may play an important part, more particularly 
in the smaller vessels (kidney for example).” This descrip- 
tion in my opinion covers most satisfactorily the various 
pathological conditions of a chronic character found in the 
blood vessels. It separates from arteriosclerosis the numerous 
acute pathological processes in the arteries and any physio- 
logical changes in thickness of the vessels at different ages 
which have often been reported. 

Mallory, Klotz, and others emphasize the point that it is 
impossible to say from the end product of these arterial lesions 





24 JOHNS HOPKINS HOSPITAL BULLETIN. 


just what was the cause of the initial injury, except in certain 
rare types Arteriosclerosis in any individual may be the 
result of an extensive injury to the arterial system produced 
ort time, or simply the accumulation of a number of 
S} niuries to the arteries scattered over a period of vears. 
‘| refore. in order to find the factors which produce arterio- 
must for the etiologieal factors of any acute 
ms which will leave a scar on entirely or partialiy 
\n in nt a is vet undecided question 1s wh r thr 
ud jac to a healed or partially healed area suf- 
fi m disturbance of nutrition and therefore degenerates 
cast is sequence will be started in 
per ! to ( essel wa \W \ nake t con 
( ! ressl Before discussing e different 
rduer irteria sions, [ will present D 
M ssificat ‘the different tvpes of a degen 
| necrosis. His description is based upon | nitial 
g cess il case, and it is « ent that arteries 
I 1 the same manner to a vari toxic agents. The 
sal vever, may cause different eS 
lesior nt Ves Ss ditt nt organs Hyali il n 
: spleen un i variety of acute ar ron 
l y¢ similar occurs e aorta \lso 
slons ST same ma is tie Progress ( t 
( n app Ince In th rg irteries ive 
t ers, but in the smaller all 
: aE ae Oe 
Dr. M savs Injury to the arterial wall manifests 
s tw rms retrograde change, by an accumulation 
the s Ol n sIs These may be com- 
} ) e 7 ) line transtormation, 01 
\ ( ells wOsing Cie vesse] Wa | ro lasts 
~ Yr ~ ) endot ‘ il far ~ may ré n é 
( s with fat in them may under improved conditions use up 
and return to normal. A necrotic cell may eall forth 
no reaction, if it dies suddenly and contains no fat. It will 
ora lal ri sorbed Therefore these two tvpes of acute 
sion may heal without leaving a permanent scar, 
Free fat from cells that have died or necrosis of any extent 
will eall forth a cellular reaction of endothelial leucoevtes, 


and if extensive enough polvmorphonuclear neutrophiles, and 
usually a proliferation of fibroblasts so that on healing a per- 
: , 


mains. Occasionally there does not seem to be 


enough injury to eall forth a marked reaction, and areas with 
considerable fatty degeneration persist with little attempt at 


repair. In other places the tissue probably is not able to 
completely recover, but remains in a state of degeneration 
with moderate reaction. In the distributing arteries necrosis 
may occur in the media entirely independent of the intima. 
In these cases fat and lime salts may be present without any 
reaction about them. Chronic and acute arterial lesions like 
all other lesions may be very irregularly and unaccountably 
distributed throughout the body. 


[ will now take up a list of the agents between which and 


] 


the arterial lesion a direct relation seems to be fairly well 
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established, either by a study of autopsy material, anin 


experimentation, or clinical observation. Before the discove 
of the treponema pallida it was a well recognized clini 


observation that patients presenting 


a history of syphilis 


showed evidence of arteriosclerosis. Fremont Sm 
reported a case of a boy of 12 years with severe genera 
sclerosis which he felt was surely due to congenital syphi 


Recently the discovery of the spirochete of svphilis by Wrig 


and Richardson and others as causative agents in lesions t 

leave a permanent scar in arteries proves conclusively t 

this organism plays a part in the cause of arteriosclerosis, 
The tubercle bacillus may produce arterial lesions by exter 


sion from neighboring 


lesions, or by infection of the wa 


from the inside. Wooley recently reported such a case an 


referred to others. Of course such lesions would be rare and 
play ttle part, even if they healed, in causing a genera 
sclerosis. In order to see if the tubercle bacillus had a solu 


toxin which might produce a more general arterial lesion, 


studied six fatal cases of tuberculosis under 25 vears of 


ag 


Missue from the spleen, aorta, and kidneys was examin 


One of the cases, an infant under two years of age, show: 
no arterial lesions. The others in one or more organs shows 
lesions which would leave a permanent scar on healing. O 
course it is impossible to sav that these were due to the tube 
poison more than to metabolic poisons which might ha 
arisen from the general weakened condition. ‘This is especial 
difficult 1 e since the character of the lesion would pre- 
sunia ( e same n ¢ er Gas 


The leprosy and glanders baeilli have been found in acut 


arterial lesions, but those diseases are so uncommon that the 
can play ver ttle part in the cause of arteriosclerosis, and 
so I will o1 yriefly mention them, 

Flexner reported acute arteritis in tvphoid fever. In tw 
cases under 25 vears of age I found slight degenerative lesions 


and splenic arteries from which recovery was 
possible, and slight lesions of a permanent character in the 
aorte. Here also the question justly may be raised as to 
specific action from the typhoid toxin 
which causes these lesions. Experimentally Klotz claims 
some positive results in the aorta from injection of typhoid 
bacilli into rabbits. I could not produce any lesions from 
the injection of typhoid vaccines in guinea pigs. Clinical] 
Thayer and Brush have found that a series of people who 
have had typhoid fever present more palpable radial arteries 
than a series of people who have not, who live in presumably 
the Same circumstances, The direct evidence against the 
typhoid bacillus as a factor in the cause of arteriosclerosis is 
somewhat questionable. 

Near the site of the diphtheria membrane I have found ex- 
tensive necrosis of the vessel walls which will undoubtedly 
leave a permanent scar on healing. In looking for a generally 
distributed lesion in 10 cases under 25 years of age none were 
found in 3 cases under 2 years of age. In the other 7 cases 
the splenic vessels consistently showed a lesion which would 
leave a scar on healing, and the kidney and aorta occasionally 
did. Wiesel, in a study of the vessels in children dead of 
diphtheria, reports very general arterial lesions. 

















1] ] 


erimentally Thérése, Pernice, Boinet and Romary, and 
‘ound lesions in the rabbit’s aorta after injection of 
a toxin similar to arteriosclerosis in man. At the 
nt time it is only fair to state that the relation between 
ne of disease in rabbits’ aorte and the substances in- 
s not well established. My feeling is that for the 
this tvpe of arterial lesion in rabbits had better be 


as a spontaneous lesion and not the result of the 


ces injected. Recently I have produced an extensive 

some of the smaller vessels of the rabbit’s kidney 
htheria toxin which would undoubtedly leave a per- 
scar on healing. Clinical evidence in regard to the 
of diphtheria toxin and arteriosclerosis is lacking. 


nv one of the group of bacteria inelud 


ises infected by 
yneumococeus, staphvlococcus, streptococcus, and the 
is of acute articular rheumatism Wiesner, Wiesel, 
Symnitzky have all reported evidence of arterial degenera 

hose of young age. 


Mallory and others have found 

arterial necrosis with fibrin formation and cellular 
n seattered throughout the different ecrgans in such 
Out of 48 cases dying from acute infection I found in 
more organs such lesions in some of the arteries in 8 
In addition to these cases with the extensive localized 
[ studied 18 cases under 25 vears of a 
ranisms to see if there was any diffuse lesion attrib- 
o their toxins. I found practically no lesions in chil- 


ears of age. In the others there was some 
of lesions in the arteries of the spleen and aorta 

\ would produce a permanent change on healing, but 
tle in the kidneys. Saltvkow, Croeq, Klotz, and others 
stained positive results in rabbits and guinea pigs with 


ns. but it seems to me necessarv to have the work 


med. By the injection of staphvloecus vaccine in young 
1 pigs, | was able to keep them from being as large as 
ntrols, but did not produce any arterial lesions. Clinic- 
aver and Brush have found that the radial arteries of 
e, who have had these infections, especially rheumatism, 
re readily palpable than those of controls. It is certain 
fore that these infections may cause localized arterial 
ns, but the evidence in regard to their causing diffuse 

al disease is lacking. 


poliomyelitis Robertson and Chesley have found local 


arterial degenerations in the spinal cord, and in influenza 


n ngitis Rhea has reported a lesion in the meningeal vessels. 
here have been practically no other observations with these 
in ive agents. 


From these different findings it is evident that certain of 


infections with organisms produce quite marked injury to 


teries either by their presence or by the action of their con- 


entrated toxins. These lesions are usually limited in their 


stribution. In addition many of the acute infections have 


issociated with them more or less diffuse arterial lesions of a 
chronic type in one or more organs. As investigation con- 
finues along these lines it seems probable that more organisms 
producing infectious diseases will be found to produce arterial 
lesions, 


Fremont Smith quotes many authors who have found ex- 
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tensive sclerosis in young people and fcetuses without apparent 
eause. I studied the clinical histories of two cases of marked 
sclerosis, aged 22 and 16 vears, in order to see if any light 
could be thrown on the cause from this source, but there was 
no evidence of any one particular cause that might have pro- 
duced the condition. 

The relation between non-infectious toxins and _ arterio- 
sclerosis is clinically and pathologically more marked, but yet 
more difficult to prove, because it occurs chiefly in older people 
in whom other factors might well take a part. Foremost j 
among the non-infectious toxins are either an excess of the 
normal products of metabolism, or abnormal elements pro- 
duced by a disordered metabolism. One or both of these 


appear during the course ofa chronic nephritis. That the 


isons during a chronic nephritis produce lesions in the 
essels of a permant nt nature seems certain [rom the extent 
f involvement seen post mortem In patients W tn nronic 
nephritis, as compared with others from the same enyiron- 
ment dead from other causes. I attempted, by having both 
sdnevs removed from rabbits Dr. Loder, to produce arterial 
esions by uremic polsoning. ‘The animals lived long enough, 
about 2 davs, for fattv changes to appear in the cells of several 
organs, but the blood ssels appeared normal. Clinica 
chronic nephritis cases show yidence ot arteriost ley ySs 


reported in the aorta which were so marked that a 
etween it and the bile seems justifiable. Dr. Minot and | 
endeavored 1 roduc iscular changes in rabbits by the 
njection of bovine bile bet ntravenously and intraperito- 
neally. Although in some of the animals fattv changes were 
present in some of the parenchymatous cells no arterial lesions 
Whether the fatty changes produced by bile 
eo on to permanent arterial changes has not been definite] 
settled. 


Clinically and at autopsy. cases of lead poisoning usually 
show extensive sclerosis of arteries. They also usually 
show nephritis to some extent. It is therefore difficult to 
place the blame for a specific action upon the lead. I fed 
voung rabbits lead acetate over a period of 2 ) ») WeeKS In 
such amounts that some died and others were killed while 
quite sick. These animals showed no arterial lesions. 

In addition to the acute infectious toxins and organisms 
which may produce arteriosclerosis, must be mentioned, there- 
fore, the poisonous products of metabolism remaining in the 
svstem due to faulty elimination. Lead also must be borne 
in mind as a probable etiological factor. 

Whether cells wear out under perfectly normal conditions 


» which there is no 


from old age is a question in regard t 
definite clinical, post mortem, or experimental proof. It must 
not be forgotten, however, as an etiological factor in the pro- 
duction of sclerosis of the arteries. 

In would probably simplify the situation to stop here and 
omit from consideration any other possibilities as a cause for 
arteriosclerosis. It is impossible, however, not to mention some 
of the numerous agents accused of causing arteriosclerosis in 
the literature. These can be best grouped as toxic and non- 


toxic agents. 
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ones those recelvinge the most attention al the rabbits’ aortee. the present it seems fair to state that 


1 fron he alimentary tract as there is no proof that such substances produce arterial changes 


noisons absorped 
Metcehnikoff has worked of a permanent character in man. 

In regard to overwork there has been practically no experi- 

absorption ot il, mental study reported. Thayer and Fabyan have shown the 

» experiment } pat iolo real hnanee he radial irteries from age and 

Dratehinsk strain. hi | \ ally that motormen who 

are on t e| long time may s markedly sclerosed 

femoral ; F th iow more sclerosis in 

Thayer and Brush have 

more palpable in those who indulge in heavy 

msiders progressive medial disease in 


nuscle fatigue and nutri- 


tances accused of produc 

claims becomes 

re, that, until some more 

it is best to con- 

ausative fact in the production of 

; products of normal or abnormal metab- 
erimental! ller olism ret n the ly through faulty elimination, and the 
1 rabbits. ‘he icute CLIONS. e fiable suspicion, however, points 


es1lons 1 mal towards ; ( ie factors mentioned above. 


LITERATURE. 
Mallory: Text-book of pathology as yet unpublished. 
: Klotz: Arteriosclerosis—Publications Univ. of Pittsburgh, 
1denee to 
mentioned as ucing rterl 3. Adami: Am. J. M. Se., 1909, CXXXVIII, 485. 
erecity. changes in blood pressure, and over . Aschoff: Beihefte z. Med. Klinik., 1908, IV. 
Marchand: Kongress Inner. Med. 1904, 23. 
6. Adler: Am. J. M. Se., 1908, CXXXVI, 241. 
' . 7. Klotz: British M. J., 1906, II, 1767. 
eredity can be looked upon as a cause ‘ 8. Klotz: J. Exp. M., 1910, XII, 707. 
person’s vessels are less capable of 9. Fremont-Smith: Am. J. M. Se., 1908, CXXXV, 199. 
and metabolic poisons than others. . Warfield: Arteriosclerosis, 1912. 
Wright and Richardson: Boston M. and S. J., 1909, CLX, 


arteriosclerosis is not a specific disease, but 


injuries from one or more sources, it 1s nm 


ditheult to produce, 


} 
ve able tO measure The degre 


im ’ ie Wooley: Johns Hopkins Hosp. Bull., 1911, XXII, 82. 
However, Osler, Brill and Lif- 3. Du Val: J. Exp. M., 1907, IX, 241. 

he part heredity may play in thi: . Frothingham: Arch. Int. M., 1911, VIII, 153. 

Frothingham: Arch. Int. M., 1912, X, 103. 
for 16. Flexner: New York State, M. J., 1903, III, 21. 

Thayer and Brush: J. Am. M. Ass., 1904, XLIII, 726. 

: me : Thayer: Am. J. M. Sce., 1904, CXXVII, 391. 

arteriosclerosis by frequent oscillations cl 9. Thayer and Fabyan: Tr. Ass. Am. Phys., 1907, XXII, 694. 
ly this point substances that either raise or 20. Wiesel: Wien. med. Wehnschr., 1906, XIX, 15. 


lood pressure have been held accountable 


lesions. Romberg even mentions that eme- 


essure have been injected into animals. T[ore- 21. Boinet and Romary: Arch. de méd. expér. et d’ anat. path., 
IX, 902. 
1] 22. Wiesner: Wien. klin. Wcehnschr., 1906, XIX, 725. 


em are adrenalin and nicotine. Cliniea and 


‘tem examinations there has been practically : : : = = “ 
+ Symnitzky: Ztschr. f. Heilk., Prague, 1903, XXIV, 177. 


Saltykow: Ziegler’s Beitrage, 1908, XLIII, 147. 

ylood pressure. Experimental since the 25. Croeq: Arch. de méd. expér. et d’ anat. path., 1894, VI, 583. 
1910, VI, 233. 
Rhea, Reported: Am. Ass. Path. and Bact., 1910. 
Frothingham and Minot: J. M. Res., 1912, X XVII, 79. 
‘ Metchnikoff: Ann del’ Inst. Pasteur., 1910, Vol., XXIV, 755. 

\ great many positive results have . Dratschinski: Ann. de!’ Inst. Past., 1912, Vol. XXVI. 401. 
"he question always comes up as to the rela- 31. Cabot: J. Am. M. Ass., 1904, Vol. 43, 774. 


t evidence against the substances 


t 


, n 1903 adrenalin and other blood raising 26. Robertson and Chesley: Arch. Int. M 


uit A ry 


s have been administered chiefly to rabbits, 


other animals. Adler and Hensel have 


results and the spontaneous disease in 32. Brill and Libman: J. Exp. M., 1899, IV, 5. 


The Johns Hopkins Hospital Bulletins are issued monthly. They are printed by the LORD BALTIMORE PRESS, Baltimore. Subscriptions, $2.00 
a year (foreign postage, 50 cents), muy be addressed to the publishers, THE JOHNS HOPKINS PRESS, BALTIMORE; single copies will be sent by 
mail for twenty-five cents each. Single copies may also be procured from the BALTIMORE NEWS OO., Baitimore. 

















